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ABSTRACT

This paper presents the results of Phase I of work on an econometric
model of the Soviet Union. The structure of the model is explained and is
followed by a discussion of the insights into the operation of the Soviet
economy gained through preparation and use of the modei. In the two sub-
sequent sections the use of the model is explored, first in the examination
of tlternative scenarlos and the alteration of the model for inferential
study, and then the use of the model for forecasting the performance of the
Soviet economy. The latter section includes an ex-post forecast for 1973.

Mmydel documentation and data sources are presented in the appendices.

This model is a first stage result and many changes are anticipated

in the subsequent phases of modeling, which will include an increase in

the number of sectors of prcduction to sixteen.

DISCLAIMER

The views and conclusions contained in this document are those of the
authors and should not be interpreted as necessarily representing the of fi-

cial policies, either expressed or implied, of the Defense Advanced Research
Projects Agency or the U.S. Government.

CONTRACTUAL TASKS

This Technical Note is in partial fulffllment of Contract MDA903-74-




FOREWORD

economic analysts scene, economists trained both in Soviet economic analy-

@is and modern econometric methods. The Strategic Studies Center, as part

of its Comparative and Soviet Economics Program, felt the need and timeli-

ness of this first, large~scale effort to construct an econometric model

of the Soviet Union. The talents of SRI/SSC's Soviet economists were added
to the econometric modeling experience of Wharton Econometric Forccasting

Assoclates, which included some experience with modeling socialist economies,

T g R

The coming of age of econometric modeling has produced on the Soviet i
to accomplish this first phase of work on the Soviet econometric model.

This paper presents the structure of the econometric model, several appli-

cations in simulation and forecasting, and insights gained in model con-

struction and use.

The authors would like to acknowledge Dr. Herbert S. Levine, Senior
Research Consultant to the Strategic Studies Center and Professor of Eco-
nomics at the University of Pennsylvania, Dr. Lawrence R. Klein of Wharton
Econometric Forecasting Associates and Professor of Economics at the Univ-
ersity of Pennsylvania, Dr. F. Gerard Adams of Wharton EFA and Professor
of Economics at the University of Pennsylvania, Dr. Ross S. Preston, Wharton
EFA and the Department of Economics, University of Pennsylvania, Dr. Mitsuo
Saito, visiting Professor at the University of Pennsylvania and Charlee
Movit, Research Analyst, SRI/SSC.

The authors would also like to thank the many Soviet specialists and

econometr.cs npecialists whe participated in the three colloquia on the

model held this past year.

Richard B. Foster
Director 1
Strategic Studies Center
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SECTION ONE: INTRODUCTION

The central objective of our research was co develop an econecmerric
model cf the Soviet economy, one that would serve as a flexible tool for
scenario analysis and for forecasting short- and medium-term. While scome
attention has been paid to longer run characteristics, our primary concern

/growth
has not been to build a/model for the WSSE, but rather a macroeconomic mecdel

which would aisess the impact of plans and other administrative instruments.

Concurrently, however, we have been developing a capability for input-output
analysis for the sectoral disaggregation anticipated in a second year of
rescarch, In forecasiing for Western economies, macroeconomic models have

' becn successfully adapted for longterm projections (5-15 years), particularly
through integrating an inter-industry framework. It should be emphasized that
our objective was not only to build a short and medium term modei for {ore-
casting purposes, but also for the analysis of alternative scenarios. The
latter objective is of great importance to the policymaker. A model which
can simulate the total sy:tem responses to specified stimuli, associated with
alternative Soviet decision or world situation scenarios, can prove to be of

great value to both scholars and policymakers.

Justification for an Econometric Approach

Since the carly 1950's, major quantitative research on the Soviet economy

has established a significant stock of good data and consirierable understanding

ol Soviet statistics. With the accumulation of a data sample sufficient for




fts specialists on the Soviet economy and on econometric modelling, would
result in an advance in our scholarly understanding of the Soviet econciay
and through this in policy analysis of Soviet prospects.

Wwith respect to understanding the Soviet system, econometric metho-

dology forces the reduction of theory to tractable specifications, and thus

subjects received theory and description to statistical testing Furthermore,
as a result of the estimation work we have done on our proposed model, we hope
others will be stimulated to undertake studies of socialist economic behavior
tﬁrnugh the use of econometric model building.

For policy analysis and forecasting, econometric models have proved to

he a valuable tool. A well-concelved and wel)-manuged econometric model enhances

rather than supplants observer expertise. We elaoorate on this point in Section
5 helow Here, let us just say that given a macroeconomic model, specialists

on individual sectors of the Soviet economy should be able to concentrate on

the particulars of those individual sectors with the model handling the eval-

“’ standerd estimation techniques, it seemed appropriate to bring Western
expertise with econometric models together with the measurement experience
snd descriptive analysis of Soviet specialists. It was hoped that this
intersction, spprepriately centered at the University of Pennsylvania with

!
|
|

uation of interaction and full-system etfects. Not only does the model provide

quantitative measures of the interactions among economic variables in a system

context, but it does so with explicit assumptions and statistical properties.

what Has Been Accomplished

we feel that the objectives of our year's research have been accomplished

Some, indecd, liave been surpassed. For example, in our original proposal we

indicated an objective of developing & model composed of 15-20 equations. In
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actuality, a medium-scale econometric model, casistirg of over 100 behavioral
equations and identities, has been specified and estimated. The model is re-
lated to Soviet plans. While we have not modelled the Soviet system of plan
construction, the model is driven by plan budget data and it does contain ex-
plicit reference to the economic impact of Soviet annual and five-year plans,
The structure of the model is described in section Two of this report. 1In
order to develop our model, we have collected extensive data on the Soviet
economy and built a computer Jdatabank of over 650 time series. Our efforts at
data collection and construction are discussed in Appendix B.

During the estimation stage, a number of insights have been gained into
the operation of the Soviet economy. We have quantified several established
hypotheses including the shortrun impac: of defense expenditures upon sectoral
investment. In addition, new hypotheses such as the role of profits in inveat-

(Appendix C)
ment determination have been explored. Through our series of working papers,

we have circulaced our findings for critical comment, A brief survey of our
work in econometric history is presented in Section Three below.

The estimated econometric model has been programmed with WEFA expertise

to serve as a flexible tool for scenario analysis and forecasting. Different
versions of the model may be selected for particular problems posed by the user.
Our initial use of the model for scenarios and forecasting is described in |
Sections Four and Five. During the present year, we intend to make the SRI- i
WEFA model & “"living model" through continuous exercise and analysis with |
participation of those who are prospective users of the system for policy

analysis.

Finally, we have prepared the input-output framework (using the reconstructed

1¢59 and 1966 Soviet I-O “ables) necessary for disaggregation of the macroeconomic
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o model in the second stage of our project. We have also partially incor-
porated some input-output structure in the present model for one version
of consumption determination. Using the input-output technology and final
demand matrices, we have generated synthetic variables for deliveries to

personal consumption. These allow us to treat directly the impact of supply

influences on Soviet household consumption.




SECTION TWO: THE ECONOMIC STRUCTURE OF THE SRI-WEFA MODEL

In this section of the report, the essential structure of the econonetric
model will br presented in a descriptive and non-technical way, A more complete
analysis of its specification and use is included as Appendix A to this report. We
begin with a discussion of the dimensions of the model and a description of the exo-
genous environment. Then we discuss the key behavioral relationships of the model,
and conclude by briefly indicating the procecdur~i steps in solution and the major feed-

back flows within a given period.

Dimensious of the Model

Before discussing the structure of the SRI-WEFA Model, it is important that the
degree of disaggregation in this macroeconomic system be understood, A complete pic-
ture of the disaggregation may be gained from the list of Model variables provided
in Appendir A; in this section of the report we will discuss only the levels of dis-
aggregation on the sides of supply (production and factor inputs) and demand (components
of GNP end-use).

On the supplv side, GNP is composed of the output of five productive sectors:

11) Industry (I)

(2} Agriculture (A)

(3) Construction (C)

(4) Transport and Communications (T)

(5) Governmert, Services and Trade (G)
The letter symbol for each sector is used in identifying the components of output (X),
capital (X) and employment (N) when the sector letter appears second in a variable

name. The fifth production category (G) corresponds roughly to the non-material

sphere of the national economy in Marxian terms.
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Capital assete are disaggregated into these same five categories, but there
is a further disaggvegation for the agricultural and government sectors. In agri-
culture, we distinguish between physical capitai (which includes draft animals)
and productive livestock (cows, sheep, pigs, etc.). In the government sector, we
disaggregate capital stock into housing and nonhousing categories because of dif-
ferent patterns of investment and capital formation. The same five cztegories are
used for disaggregating employment but in the agricultural sector we distinguish
between employment in the socialized sector (state and collective farms) and in
the private sector., Furthermore, we are also concerned with the stocks of spec-
jalist manpower (EMT) employed in industry and in transport and communications.
Thus, we have five production categories, seven capital categories, and eight
employment categories in the Model.

on the demand side, GNI' by end-use is disaggregated as indicated in Table 1
below. There are four categories of consumption, three categories of imvestment,
four categories of government spending (as usually defined in the West), net ex-
ports and an end-use residual category. DNote that Science as an end-use category
within government has not been divided into civilian research and development on the
one hand and military and space science on the other, as is frequently done in
Western evaluations of Soviet GNP, New fixed investment is, however, broken down
further into the six categories of physical capital. The net exports category of
GNP end-use is composed of 5 export and 7 import categories which are also presented
in Table 1.

This level of disaggregation in the Model was regarded as workable and
attainable during the initial stage of our research., It provides sufficient

detail for macroeconomic scenarios and forecasting, and at the same time is not

so complex as to preclude non-technical discussions and direct user participation.
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&“) In the second stage of the project, we anticipate substantial disaggregation

of the supply side of the Model and also further disaggregation in the foreign

trade component of end-use.,
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() TABLE 1

END-USE CATEGORIES IN THE MODEL

1. Consumprion (a) Food
(b) Soft Goods
(¢) Durable Goods
(d) Personal Services

2, Investment (a) New Fixed Capital Investment

1) Agriculture
2) Industry
3) Construction
4) Transport and Communic ations
5) Housing
6) Services and Trade

(b) Capital Repair

(c) Inventories

3. Government {a) Administration
‘ (b) Health and Education
/ (c) Science
(d) Defense

4, Net Exports (a) Exports to CMEA
1)} Food
2) Other
(b) Exports to other Centrally-Planned Economies
(CPE's)
(c) Exports to Developed West
(d) Exports to Less Developed Countries (LDC's)
(e) Imports from CMEA
(f) Imports from other CPE's
(g) Imports from Developed West
1) wheat and Wheat Flour
2) Machinery and Manufacturing
3) Other
(h) Imports from LDC's
1) Food
2) oOther

S. EBnd-Use Residual (Grain Reserves, Livestock Acoumulation,
Statistical Discrepancy)
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Exogenous Variables

The exojenous environment of the model may be partitioned into three

qgroups of variables: (1) pure exogenous variables, (2) predetermined variables,

and (3) annual policy variables. The category of pure exogenous variables

/significantly
includes tiose which cannot be influenced’by Soviet economic policy, past or

present, Of major importance . this category are weather variables, temper-
ature and precipitation, which affect the harvest. Another important set of

pure exogenous variahies are developments in foreign economies: indexes of

world trade, world market orires, and activity levels in CMEA economies, Essen-
tially, we assume that Soviet trade policy and political influence have a negli-
gible impact upon such developments so that we may disregard all such feedback
in the formal specification. At present, thir is probably a reasonable assump=-
tiony if Se~-viet trade becomes more significant in world trade activity, these
interrelationships can be best handled within the framework of the LINK system,

Predetermined variables include the inherited stocks of productive factors:

population, fixed capital, land, livestock, and inventories. Within the present
model, changes in population and demographic structure are regarded as purely

of population P
exogenous, However, the location/ (urban/rural) and /participation in the labor

force are influenced by economic variables, Another important group of pre-

determined variables are the past agricultural harvests which influence current

allocational decisions by Gosplan, state and collective farms, and peasant house-
holds, A third group of variables which could be included in the predetermined
category are those timing variables imposed by the modeller (usually in the form
of dummy variables)to capture the timing of investment prcjects (the five-year

plan cycle) and the timing of major organizational and price reforms (e.g., the

1967-68 industrial price reform),
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The policy variables which play crucial roles in the model are those
decision variables represented in tue Annual Plan and its derivative Annual
Budget. Although there are innumerable discretionary variables available to
Soviet policymakers, the model focuses upon a small number of aggregate policy
variables which directly enter into the behavioral equations. One such policy

variable is defense expenditure which is treated as strictly exogenous. A

second group of policy variables includes the financing of economic sectors:

industry and construction, agriculture, transport and comnunications, social
and cultural measures, and housing. While financing is exogenous, investment
is endogenous, influenced by sectoral financing, defense expenditure, and

qgross profits. A third group of policy variables are transfer expenditure

and tax rates which influence the size and composition of the state budget.

The Core of the Model

It is within such an exogenous environment that the modelled economy is
presumed to operate., Given values for all exogenous variables, the system of
behavioral relationships which we have estimated statistically will determine
a solution to the model. A solution consists of estimated values for each
endogenous (explained) variable included in the model. In this report, we
will not examine each behavioral relation in the system in detail; rather,
we will describe what might be called the core of the model, i.e., its economic
structure and the causal links among key components, In a supplement to be

issued later than this report, we will discuss each behavioral relation in the

model.
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The core of the SRI-WEFA model consicty of seven major components:
(1) Factor Supply Equations
(2) Sectoral Production Functinns
(3) cCapital Investment Functions
(4) 1Income, Wage and Price Equations
(5) Consumption Puirctions
(6) Foreign Trade Equations
(7) Residual Analysis
The links between these components are diagrammed below in Figure 1 and we
shall describe briefly the contents of each component., Appendix A to this
report contains a more technical description of the model with a complete list

of equations, sectors, and variables. An index of model equations corresponding

to the following description of the core is included below in Table 2,

(1) Factor Supply Equations

In the model, mean annual population and sown acreage are exogenous and
start-of-year capital stocks, inventories, and livestock herds are predetermined,
The distribution of population betwee.: urban and rural categories and labor par-
ticipation rates are endogenous, dependent upon wage differentials, relative
housing scarcities, and past harvests. The allocations of total nonagricultural
employment to industry, construction, transport and communications, and the
government sectors is influenced by the five-year-plan cycle (whether the given
year is toward the start or the end of the current 5YP) and the previous year's
allocations of investment,

Current year additions to January 1 capital stocks are predicted by sectoral
capital formation equations which phase current and past investment expenditures
in capital increments, The timing of that phasing is influenced from the five-
year plan, Similarly, additions to specialist employees in industry and trans-
port are delermined by appropriate past enrollments in higher technical edu-

cation, Inputs of current purchsses to agriculture are significantly influenced

by recent harvests. Growth in ‘the herd of livestock depends upon provision

for young livestock and recent harvests,

R ———

P R —
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FIGURE 1

The Core of the SRI-WEFA Model

Veathar “oureign
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Endogenous components represented by rectangles,

Exogenous variables and partially exogenous components
represented by hexagons,
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(2) Sectoral Production Functions

For each of five sectors we have estimated a production function, relating
output to the levels of inputs. Except for construction, all output: time-
series sre Western —econstructions of Soviet datas (see Appendix B for a jus-
tification of this choice). In two sectors, indusiry and transport/communica-
tions, the labor force is disaggregated into specialist and non-specialist
employees., Where high correlation between output and input series precluded
direct estimation of factor contributions to output, observed factor shares
in established prices were used to determine the relative factor contributions;
this step was necessary only for che industrial and government sectors., For
agriculture, after considerable experimentation, we adopted a two=-step esti-
mation procedure: (a) to estimate a production function for "potential output"
obtnined by connecting agricultural peaks with line segments, (b) to relate
deviations frcm "potential output" to weather conditions and measures of

factor input intensities.

(3) Investment Functions

Given last year's investment allocations, inves*tment in the current year
is a function of budget finarcing in the Annual Plan, the level of gross pro-
fits, budgcet outlays on defense expenditure, and the current and preceding
harvests, ?2ositive impact of financing plans upon sectoral investment is
found in industry, transport, communications, and housing. Economy--wide gross
profits affect industrial investment through decentralized enterprise demand
or centralized response to generally favorable economic conditions. Defense
expenditure tends to crowd out investment in industry, housing and the services/

trade sector, at least in the short-run, The current ha:vest has a positive
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impact upon agricultural investment (decentralized activity by state and
collectivu farms) and upon industrial inva:stment (through the level of
gross profits:, In a "crisis response" fashion, harvest failures in the

previous year boost the current level of agricultural investment.

(4) Income, Wage and Price Equations

Money income of households is largely determined by employment and money
wage rates, with adjustient for transfer pavments and direct taxes set by the
Budget, Changes in tha category of gross profits are influenced by price re-
forms and harvest cond.tions. In our model, the longrun industrial real wage
is determined by average productivity in industry with only partial adjustment
in most years but large adjustments in years of major wage reform (the timing
for which is exogenous), A similar relationship inks the longrun agricultural
real wage to average productivity in agriculture, while other sectoral wage
rates essentially move in tandem with the industrial waye., Non=food prices
are essentially rmarked-up on the industrial money wage but where past prices
influence the current money wage (the real wage being determined by average
productivity). Food prices reflect shortrun scarcities via a "regotiated”
food price; harvest failures thus have inflationary consequences for the

economy, at least in the short run,

{(5) Consumption Functions

When key supply constraints uare taken into account, there do appear to
be stable relationships between consumption expenditures and disposable income,
both measured in real terms, Coasumption is broken down into four categories:

food, nondurables, durable goods, and services (including health and education).
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W rood and nondurable consumption are constrained by agricultural production
as well as being influenced by the relative price of food., Expenditures on
durable goods and services ire constrained by relevant sectoral productions.
As discussed in Section Fcur, tliere are alternative ways in which consumption
may be determined with greater influence from supply: either completely when
consumption is the residual category of end=-use, or through delivery variables

obtained from the 1966 -input=output table.

(6) Foreign Trade

The USSR's exports and jaports are determined primarily by levels of
domestic and foreign production with limited influence from prices and rather
more from harvest failures. Four trading regions are identified: CMEA (the six
East European economies), other Centrally-planned Economies or CPE's (Cuba,
China, North Korea, etc.), the Developed West, and Less Developed Countries
(LDC's)., On the commodity dimensions, food exports to CMEA, wheat and wheat
flour imports from the Developed West, machines-manufactures imports from the
Developed West, and food imports from LDC's are sepavately treated. USSR trade
flows are measured in dollars and then converted and deflated to constant

domestic rubles as an end-use category for residual analysis.

(7) Residual Analysis

In this component of the core, other end-use categories including capital
repair, inventory investment, science and administration are estimated. National
Product by sector-of-origin is computed using sectoral outputs and 1970 sectoral
weights in established prices. We also have an estimated equation for an end=use
residual category which conceptually includes state grain reserves, other undis-

closed items, dollar-ruble conversion errors and statistical discrepancy.
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In the sontoxt of the model solution, when consua.tion is obtained directly
there will also be a simulation residual equal to the difference between
sector-of-origin GNP and end-~use GNP, Alternatively, when consumption is
obtained as the residual end-use category, there is no simulation residual;
all end-use categories including the modelled end-use residual are computed

and subtracted from sector-of-origin GNP to determine aggregate consumption.




TABLE 2

Index of Equations and the Model Core

The list of equations is provided in Appendix A, This index
relates the discussions of the Model core in Section Two to
particular equation nurbers in that list.

Component Equations
(1) Factor Supply A.l = A,2 Other Inputs
K.l - K,.14 Capital Formation
Ne.1l = N,12 Population and Employment
(2) Production Functions Xl = X.6 Production
(3) Investment I.1 =-1I1,9 Investment
i (4) Income, Wages and Prices P.1 = P,13 Prices
| Wel = W,5 Wages
2.1 - 2,7 Incomes
(5) Consumption Cel = C,5 Cor.sumption
(6) Foreign Trade E.l = E.7 Exports
M.l = M,9 Imports
(7) Residual Analysis I,10~-~1,13 Inventories
G.1l - G.6 Aggregate Identities and

Balances

I S WSS omi
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A Solution of the Model

With the foregoing descriptions of the exogenous environment and the
endogenous relationships, we may now step through the gsolution procedure of
the model for any gi . year. Reflecting Western analysis of the Soviet
economy, the SRI-WEFA Model is essentially supply-oriented rather than
demand-oriented, in contrast to models built for analysis of Western economies.
Figure 1 above should be helpful in following this discussion of the solution
procedure. Let us take the year 1972 as our example., To solve the model Ior
1972 we need 1972 values for each exogenous variable and 1971 (and earlier
for some variables) values for endogencus variables whose past values in-
fluence current behavior. These 1971 values for endojenous variables might
be the actual observed values in a one-period simulation or the solution
values of the model for 1971 in a dynamic simulation.

Though our model is not recursive, we leave aside system feedbacks for
the moment so that we can describe the solution process in a step-by-step
manner. The major feedback loops will then be described afterwards. We
beqgin with the exogenous data from the annual plan on sectoral financing and
defense expsnditure. These variables largely determine investment expenditure.
Current investment, together with inherited capital stocks, determines the
supply of capital for the current period., Labor supplies for all sectors are
essentially determined by predetermined variables including past labor alloca-
tion, income ditferentials, relative housing stocks, and past investment, Con-=

sequently, sectoral outputs and GNP by sector-of-origin are then carputed given

factor supplies and the exogenous weather variables.
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Incomes, wage rates and prices adjust during the current year in accord
with production and employment. Household incomes, adjusted by personal taxes
and transfer payments in the State budget, and relative prices then determine
consumption demand (which is also constrained by production in certain cate-
gories). Foreign trade flows are influenced by domestic productlon levels as
well as world market conditions. The endogenous components of the State budget
are also computed taking the current harvest into account. Inventories adjust
in response to current consunption, the agricultural harvest, nonagricultural
GNP and defense expenditure. The addition of all end-use categories provides
us with end-use GNP which is subtracted from sector-of-origin GNP to give us
the simulation residual for 1972,

The foregoing discussion and Figure 1 have been simpli‘fied to achieve
clarity of presentation by abstracting from feedback loops which make the
solution of the model a simultaneous equation problem (one which vsually
requires 8-12 computer iterations for each year's solution). The major
feedbac’. in the system arises from the current harvest. The current harvest
has a direct effect on agricultural investment and an indirect impact upon
current industrial investment through influence upon the gross profits.
Another important feedback loop involves the influence of the real industrial
wage upon the labor participation of the urban population. There are several

i other feedback elements in the model, but th.ose mentioned are the major

el e D S e Y — . Em = = =

sources of simultaneity in the system., In ocur experiments with Model I in the

second year of the project, w- intend to investigate other promising macro-

economic interactions,




SECTION THREE: INSIGHTS GAINED THROUGH ECONOMETRIC

STUDY OF THE SOVIET UNION

when an economist builds an econometric model of a Western market economy,
he may draw upon a rich theoretical literature that identifies crucisl behavioral
components of the macroeconomic system as well as developed tradition of model
construction. In approaching the same task for a centrally-planned Soviet=type
economy, while there does not exist a comparable theoreticzl a.'d econometric
literature, the analyst is presented with an unusually rich descriptive and
statistical literature. One of the most exciting tasks in current research
on the Soviet economy involves the testing and quantification of hypotheses
explicit and ir)licit in our "received wisdom"., We hope that the initial
efforts described in this report will serve to stimulate other econometric

studies and motivate specialists in this area to evaluate critically the

assumptions, procedures and conclusions of such work,

Econometric and descriptive analysis of the Soviet economy should be
complementary activities for purposes of understanding, policy analysis and
forecasting., An important virtue of the econometric discipline is that it
requires one first to conceptualize and estimate regularities of behavior,

At that stage, anomalies and disturbances are both clarified and brought into
perspective. Almost unavoidably, the "special events" loom large in any de-
scriptive analysis. Within the framework of an econometric model, the analyst

is able to discriminate among these "special events", incorporating those

of significant <napact into an econometric history of the USSR,
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An Econometric History of the Soviet Union

In our first year of this project, we feel that notable steps have been
taken in developing an econometric history of the USSR for the past two decades.
Ag indicated above, such a history rests first upon a tenable
abstraction of economic behavior, a system of operational relationships with
both theoretical and statistical content, Second, it should clearly date and
quantify the significant changes in economic policy and pure exogenous variables,
We will emphasize the first aspect of our econometric history of the USSR as we
indicate the major insights into the operation of the Soviet economy that we
have gained during the construction of our model. The rest of this section

is organised in accord with the components introduced in Section Two.

(1) Factor Supply Eggationl‘

Many of the most interesting discoveries arose during the estimation of
capital formation equations for the various sectors of the Soviet economy,.
In principle, there should be technical relations that phase current and past
investment into additions to capital stock (basic funds in Soviet capital
accounting). However, we soon recognized that the timing of project completions
for certain sectors was quite sensitive to the Five=Year-Plan cycle, i.e.,
whether a particular year falls toward the begin;ing or the end of the Five-
Year-Plan then in operation. After considerable experimenutation, we selected
one/gémésgvariable which best captured the impact of investment planning insti-
tutions. This variable was constructed to reflect a concentration of project
campletions toward the end of a Five~Year-Plan and spilling over into the initial

year of the subsequent Plan, and it made special allowance for the Seven-Year-

Plan (1959-1965). 1In evaluating the gestation lags for sectoral investment

*See Working Paper #18 for a fuller discussion of these matters.

i
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1:) we also observed the impact of construction priorities; the services and
trade sector, in particular, had an unusually long lag of three to four years
and was less predictable than other sectors,

The estimation of capital formation equations also identified several
anomalies in the official data for sectoral capital stock, that is on years
in which the observed change in capital stock could not be reconciled statis-
tically with the observed investment series. In two cases, we concluded that

there had been an undisclosed accounting transfer of capital stock between

sectors: a transfer from industry to transport in 1958 and a transfer from
industry to housing in 1962, We adjusted the corresponding capital stocks,
to mke each series more consistent, before estimating sectoral production
functions,

On the employment side, our estimations tended to confirm the urban drift
of Soviet population to increase after a harvest failure, to diminish with the
reduction of urban/rural income differentials, and o increase with greater
urban housing avallahility, Participation of the rural population in agricul=
tural employment rose during and immediately after a harvest failure, and pri-

1 vate agricultural activity increased after harvest failures, Participation in

] nonagricultural employment varied directly with increases in the industrial real
that

wage and also rose toward the end of a Five-Year-Plan, We also found/the allo-

cation of nonagricultural employees nacross sectors was sensitive to past invest-

.
; ment ratios, confirming the anticipated pattern of wage fund budgeting from

year to year,
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(2) Sectoral Production Functions

Substant ial econometric work has been done previously on production functions
for Soviet tndultfy, at the aggregate and branch levels. Because of the serious
statistical problem posed by the high correlation between industrial inputs and
output, it is impossible to choose “the" correct specification of aggregate in-
dustrial output. Our model includes as alternatives both a Cobb-Douglas and a
CES production function for Soviet industry, each being estimated with constraints
on factor clasticities. Each performs adequately over the sample period 1955-1972,
but/::;;ent quite different longrun forecasts for Soviet growth.

Some new ground was broken in estimating production functions for construction
and for transport and communications We found slightly increasing returns in
Soviet construction though this was in a specification excluding disembodied tech-
nical progress. In transport and communications we confirmed the earlier esti-
mations for Soviet railroads by Holland and Helen Hunter. We found changes in
output best explained by cspital stock (adjusted for the 1958 transier), specialist
manpower, and a railway utilization index.

Economists 'vho have used standard methods to estimate production functions
for Soviet agriculture have frequently been discouraged by high estimates for
the labor elasticity and returns to scale. Apparently, this result arises from
the observed correlation in the short run between summer precipitation and man-
days worked. To overcome this problem, we adoped a two-step estimation procedure.
First we computed a "potential output” series by connecting peaks in agricultural
output. Ther we estimated a Cobb-Douglas production function for potential output
using mandays and capital stock; we found a very reasonable result with nearly
constant returns to scale and a labor elasticity of about 0.55. We then found
that deviations from potential output so determined could be explained by weather
variables for spring-summer precipitation and winter temperature, current purchases
(fertilizer, fuel, etc.) per ruble of fixed capital, and the ratio of labor input

to sown acreage.
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(3) Investment Functions

Confirming previous work by Stan’ey Cohn and others, we found nonagricultural
investment to be acutely sensitive to the level of defense expenditure (actually,
the nonpersonnel component). At least .- the short run, an increase in defense
spending tends to crowd out investment in industry and the services and housing
scctor. We also found ar. impact of the financing plan, published in the Annual
Budget, upon realized investment in industry, construction, transport and communi-

cations, and housing. Furthermore, we found thav the level of gross profits in

the economy had a significant positive impact upon the level of industrial invest-
ment (and total nonagricultural investment). This finding is consistent with a
number of hypotheses about investrent determination, and we have made some progress
toward discriminating among them. 1In this regard, it is surprising that gross
profits are more significant than profits retained for decentralized investment.
Thus, a micro financial cash-flow theory for industrial investment is not supported
by our work. Furthermore, economy-wide gross profits are a better predictor than
arc industry gross profits. This might support the argument that under socialism
national saving may be quickly reallocated to where investment necde are greetest

without the necessity for complex capital markets as in the West. . tvely, we

lcan toward the hypothesis that profits in the Soviet economy, as in /estoern *convmies,

arc a positive proxy for supply conditions, including the state of the harvest,

This may suggest that the Soviet financial system intervenes in the invcstment
process to adjust investment demand to the supply situation.

Investment in agriculture has been rising sharply since 1965. Most of the
viariation around that trend can be explained by current and past harvests. The
cu-rent harvest has 2 direct impact upon investment through decentralized con-
struction activity by state and collective farms; such work is curtailed during

harvest failures. We also find evidence of a pattern of
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"crisis response" by the Soviet leadership. {.., agricultural investment

{s boosted after cach harvest failure while there is no symmetrical reaction
to bumper harvests. This reaction pattern is also observed for current pur-
chases, deliveries from other sectors as inputs to agricultural production:

deliveries are boosted after each harvest failure.

(4) Income, Wage and Price Eaquations

It was a pleasant surprise to find that real wage rates in Soviet industry
and agriculture could be reasonably explained by & fairly simple model. In our
model, the ES!l wage, in the longer-run, bears a stable relationship to average
productivity while the price level is determined by a markup on wage costs per
unit of output. In the shortrun, there is a partial adjustment of real wages
(scaled by last period's price level) toward current average productivity. Given
Soviet institutions, it is not surprising that adjustment parameters for both
wages and prices need to be variable rather than constant in order to incorporate
the timing of major reforms For the 1960's, the gap between average productivity
and the real wage widened in most years, closing significantly only in years of
ma jor wage reform,

In our work on Soviet prices, it is dil:icult to choose an indicator for
“free" agricultural prices. After considering the Soviet official series for
kolkhoz market prices, we followed a suggestion of Professor Treml's and con-
structed an aggregate index from Narkhoz statistics on the "sales of food-
stuff< to consumer cooperatives at negotiated prices." Because of its more
reasonable pattern after the mid-1960's, we have inccrporated the latter index
into our consumption price index for food. By allowing reforms to affect ad-
justment rates, we have developed an acceptable system for other price rela-

tionships based upon the markup principle. Ve have also




estimated e-uations to explain the movement of sectoral investment deflators,
prices which are implicit in the official "constant price" investment series.
Fach investment deflator depends upon the price index for construction-instal-
lation work (an exogenous variable in our model) and the wholesale price index
for heavy industry ‘''e chose not tc use the official price index for machine-
building and metal-werking, a series -uite untrustworthy because of the new-

product pricing bias.

(5) Consumption Functions

1t was possible to estimate stable relationships between disposable
fncome and consumption and the estimated propensities to consume were
rather similar to those for other economies at a corresponding stage of
development Our major efforts were devoted to estimating price effects and

considering relevant supply constraints. The relative consumption price between

food and nonfood commodities proved significant in the allocation of consumption

across categorics. Furthermore, we found clear evidence for harvest constraints
on food and soft goods consumption, and some evidence for other supply constraints
on durahle goods and services. We did not find any evidence to support the often-
discussed impact of savings account accumulation upon purchases of duracvle goods;
his effect may still be valid at the micro level for certain income groups but

our findings did not substantiate it at the aggregate level.

(6) Foreign Trade

Foreign trade proved to be one of the most difficult components of the
model, a resuilt which probably stems from the clazeification problems in the

date (the complete plant difficulty among others), the short sample period
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for consistent data, and the fundamental nonreqularity of a Soviet trade
policy. Many important swings could not be predicted except f.nrough the
mobilization of extensive descriptive literature. We did find, however,
plausible impacts of domestic and foreign activity upon Soviet trade flows
and a few significant price effects,

if any,
We found only weak,/confirmation for the widely-held hypothesis that

in some formulations

Soviet exports are determined by import needs. On the contrary,/ we found
in the shcrtrun that exports were actually somewhat less in years of domestic
sogarcity and high imports., An alternative hypothesis is suggested which
emphasizes the importance of supply pressurej viz., in those years when taut
plans require additional imports, industries which produce for both domestic
and foreign users react more to domestic needs and curtail their exports.

Since the USSR is rapidly expanding its foreign trade with the developed

West, further work needs to be done on this component of the model and c.n-

siderable judgment will be required in forecasting Soviet trade,

Anticipated Gains in Understanding Through the Use of the Model

In this section we have presented some of the insights gained thrcugh
econometric analysis on specific relations in the model. Beyond these par-
tial insights gained through construction of a model, there are more general
discoveries to be made through extensive use of the model for scenarios and
forecasts, Within the framework of the entire model, one may experiment with
alternative versions o.® a particular equation or a particvlar component, The
model allows one to evaluate the total influence of one variable upon another,
both direct and indirect, This work has only begun and we intend to
exercise the model /mofﬁedgééSﬁd year of the project, involving a wider ccn-

stituency in judging the contribution of the economatric model to our

understanding of the Soviet economy.
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SECTION FOUR: USE OF THE ECONOMETRIC MODEL FOR SCENARIO ANALYSIS

In this section of the report we discuss the major variations which may
be used in simulating the model and we describe two conditional scenarios in
some detatl. In scenario analysis, the user must first decide what version of
the model should be selected for his particular problem; the version of the
model {8 determined in operation by setting certain logical switches for the
solution program Second, the user must supply all the necessary assumpticns
and adjustments that define the scenario in contrast to the economic path

actually obhserved. The model will then be simulated or solved for the desired

historical period and a supplementary program is used to display, numerically
end graphically, the scenario path compared to the actual path or another

simulated path.

Altervative Versions of the Model

In setting up the estimated model for solution, we have programmed alter-
native versions for certain components of the system, notably consumption and

investment. A version of the model is defined by the particular components in-

cluded in the system for that specific simulation. In addition to the versions
described below, we can create further versions by making certain sectors of the

4 modcl exogenous. For example, we might choose to make all foreign trade variables
exogenous; | e., use the actually observed trade flows rether than those predicted
by our behavioral ejuations. By contrast, we might wish to focus only upon the
direct interactions between production and foreign trade, and therefore exogenize

the rest of the model to preclude any indirect effects.
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(1) Basic Version of the Model

The basic version of the model provides a benchmark for judging the
sample-period performance of all other versions, Plan budgeting data is
uged in the prediction of sectoral investment and total nonagricultural
investment is obtained by identity as the sum of its predicted components,
Consumption categories (food, softgoods , durables and personal services)
are estimated directly/:étgnagﬁggggtgfcgggnggégguﬁgtfggiﬁhggmﬁhat is esti-
mated directly. There is no end-use category which serves as a residual
item; a simulation residual in the model absorbs any generated imbalance
between GNP supplied and GNP a;manded.

The performance of this version of the model over the period 1961-1972
has been very encouraging. For Gross National Product by producing sector,

in dynamic simulation

we find/a mean absolute error of 3.7 Billion 1970 rubles, or a root-mean-
squared percentage error of 1.65%, For industrial output we find a RMS%
error of 2,19% with the major prediction errors in the model's overprediction
for 1564-=1969, For agricultural output, the dynamic simulation produces a
RMSS error of 2,23% with the largest prediction error in 1969 where we fail
to capture the harvest decline (we do much better for 1963 and 1972), Among
the principal end-use categories, we generate a RMS% error of 1.35% for total
investment and 1,57% for total consumption expenditure. As expected, the pre-
diction errors are larger for foreign trade with a 2.89% error for total Soviet
exports and 6.14% error for total Soviet imports., A large portion of trade errors
arc attributable to underprediction for 1972. Detailed trade data was not
available for 1972 so the trade sector was estimated only with time series to
1971. The error in total consumption is larger (1.81% compared with 1,57%) when
it is predicted directly with a single behavioral equation rather than computed

by summing the direct estimations for categories of consumption. Error statistics

arc shown in Table 3.
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TABLE 3

Dynamic Simulation Error Preoperties, 1961-1972

Basic Version of the Model

Root-Mean Squared Mean Absolute Mean Absolute
variable Percentage Exror Exrror Percentage Error
GNP GNP (B 1970 Rubles) 1.65% 37 1.36%
XITOT Industrial Output (1970%100) 2,19 1.5 1.93
XATOT Agricultural Output 2,23 1.01 1.74
(B 1955 Rubles)
XCRUB Construction Output 2,98 1.0 2,76
(B 1970 Rubles)
ITOTAL Total Investment 1.35 0.7 1,10
(B 1970 Rubles)
IIN Investment in Industry 1.53 0.3 1.21
(B 1970 Rubles)
IA Investment in Agriculture 4,05 0.4 3.39
(B 1970 Rubles)
CR Total Consumption 1,57 2,1 1.15
(B 1970 Rubles)
<RF Consumption, Food 2,05 1.4 1,49
(B 1970 Rubles)
CRND Consumption, Non=durables 2,46 0.8 2,06
(B 1970 Rubles)
CRD Consumption, Durables 2,44 0,2 2,02
(B 1970 Rubles)
CRS Consumption, Services 1.70 0.5 1,23
(B 1970 Rubles)
7D fiousehold Income 2,36 2.8 1.84
(B 1970 Rubles)
ZPGs Gross Profits 3.39 1.8 2,98
(B Current Rubles)
MWTS Total Imports 6.14 477.4 4.45
(M U.S.$ Current)
EWT$ Total Exports 2,89 226,.5 2.46
(M U.S.$ Current)
NI Industrial Employment 0.89 192,2 0.69
(Thousand Persons)
' NC Construction Employment 2,66 186.2 2,34
b (Thousand Persons)
a NTA Agricultural Labor, Adjusted 1.91 649.1 1.68
(Thousand Persons) ’
. WIs Industrial Wage Rate 2,03 25,9 1.88
| (Rubles/year)
{ PAFC70 Negotiated Agricultural Price 6.97 5.3 6.22
l (1970 = 100)
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{2) Version with Exogenous Shares for Non=Agricultural Investment

This version enables the user directly to reallocate investment between

scctors in scenario analysis or forecasting, Total snvestment and total

nonagricultural investment may be left endogenous to the system or exogenized

as are the shares for nonagricultural investrent, This permits the user to
use the model for forecastina years when the annual budget is not yet de=-
termined or available, When we estimate total nonagricultural investment
and distribute it with observed investment shares, the errors are slightly
larger than in our basic version of the model: 1.69% RMS% error for GNP

and 1,37% for total investment,

(3) Version with Total C.nsumption as a Residual Category

In this version, increases in end-use categories such as deofense or
investment may depress consumption expenditure since consumption is defined
as GNP supplied less all other end-use demands, This version, therefore,
is closer in e¢pirit to a common Western perception of Soviet allocative
response than is trv: of the basic version, Since the simulation/forecast
residual is forced into the consumption category, one should expect larger
errors for consumption, For total consumption, we find a RMS% error of
3.60 compared with 1.57 in the basic version: the largest errors are pro=-
duced in an overprediction for the mid-1960's., Using the consumption
share equations to allocate residual consumption across its categories,
the RMSS error rises to 3.64 for food, 4.04 for nondurables, 5,15 for

durables, and 3.24 for services,

ek S e
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(4) Version with Consumption Constrained by Sectoral Ouruts Through an I-0 Metrix

Using input-output and end-use matrices from the 1966 Input-Output table
and supplementary calculations, we computed a synthetic index of deliveries
to personal consumption components for the sample period 1955-1972. ‘e then esti-
mated consumption components as functions of those synthetic supply indices (as
well as relative prices and other variables). 1In this version, then, sectoral
outputs have a more direct impact upon consumption cétegor'es  Though we find
larger errors in consumption in this version, they are primarily attributable
to the 1964-1969 overprediction of industrial output. Consetuently, we feal

that this {s an auspicious sign for the incorporation of {nput-ouvtput analysis

in our future econometcric models of the USSR,
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RMS% errors for total consumption and the four categories are as

follows: RMS % RMS%
Category Version (4) Version (1)

CR Total Cnnsumption 2,81 1.57

CRF Food 2.64 2,05

CRND Nondurables 6.15 2,45

CRD Durables 4,25 2.44

CRS Services 1.21 1,70

Scenario I: Removal of the 1963 Harvest Failure

For this scenario we chose to use the basic variant of the model and
substitute average weather conditions (computed over the period 1959=1972)
for the cold winter and dry summer of 1963, Given the importance of crisis
response to harvest failure, we were interested in both the shortrun and
longrun consequences when a harvest failure was removed by adjusting the
exogenous weather variables from actual historical values. To present this
scenario, we will refer to a sequence of charts which compare the scenario
path with a simulation path without counterfactual weather for 1963, 1In

these charts, the + signs indicate the scenario path and the * signs indi-

cate the simulation path with actual weather variables.




-33-

We begin with agricultural output in Chart I.1l; while XATOT is higher
in 1963 in the scenario,.it is lower for the rest of the simulation period.
The reason for this apparent paradox is given in Chart I.2 for agricultural
investment, Investment is higher for 1963 for the scenario path because
of decentralized investment by state and collective farms; however, scenario
investment in agriculture falls behind in 1964-65 because of the absence of
"crisis response" by the Soviet leadership and never catches up to the basic
simulation path, The impact of diminished capital on agricultural production
would have been even more severe except for the augmentation of the agricul~
tural labor force as seen in Chart I.3, Initially (1964-67), the scenario
path lacks the increased participation in response to a harvest failure,
However, by 1968, the outmigration of rural population stimulated by the
harvest failure has come to dominate the participation effect so that agri-
cultural labor is greater on the scenario path, Because of this decrease
in agricultural output and increase in agriculturzl labor, the average labor
productivity is less on the scenario path and consequently the agricultural
wage rate is diminished as we observe in Chart I.4.

Despite the longrun fall in agricultural output we see in Chart I.5,
that scenario GNP is higher by 1968, This results from increased employment
and capital stock in the nonagricultural sectors., The increase in nonagri-
cultural employment is somewhat surprising since urban population is initially
less on the scenario path, However, the participation rate of the urban popu-
lation rises because of an increase in the industrial real wage. In turn,
the industrial real wage is raised because of the different path of the "nego-

tiated" price for agricultural commodities presented in Chart 1.6, The removal
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of the harvest failure boosts gross profits as seen in ¢hart 1.7 which in
turn raises investment in industry, construction, transport and communications,
and services and trade. By the end of the 1960's, this additional capital
stock has raised production in the nonagricultural sectors and outweighed

the decline in agriculture.

Our final comments on Scenario I pertain to the impact upon Soviet
foreign trade. As seen in Chart I.8, soviet exparts of food to CMEA economies
are larger in 1963-65 under the scenario but smaller thereafter as agricultural
production falls behind. As Chart I.9 indicates, imports of wheat and wheat
flour from the West are much less in 1964 without the harvest failure but
are greater from 1965 on because of the lower acénario prodaction. Other
trade flows are also affected but the third intriguing result concerns im-
ports of machinery and manufactures from the West, an effect presented in
Chart I.10. These imports are greater in 1963 and 1964, but less from 1965

on, partially in compensation for the increased wheat imports from the West,

Scenario II: A Soviet Defense Build-up, 1965=1967

The actual path of Soviet defense expenditures in the postwar period
remains quite a controversial‘ issue among Western analysts, Stanley ‘Cohn
has used the official Soviet defense budget supplemented by some proportion
of USSR expenditures cn science to cover military R&D and military space
programs, Most likely, additional defense expenditures are concealed in
the financing component of the State budget or elsewhere; however, there is
no concensus as to the magnitude of that concealed expenditure or about its
movement over time, If such a component varies considerably over the

1960's, then we have not fully accounted for defense impacts upon the Soviet
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economy in cur model construction. Nevertheless, we have been successful
in deriving significant defense impacts, particularly upon investment and
consumer durables, using only the nonpersonnel component of the official
series for defense expenditures.

Many Western analysts have suggested that a major buildup in military
hardware took place from 1965 to 1967 without any substantial rise in the
of ficial budget. Certainly, in our work we have noted anomalies in just
this period; e.g., a shortfall in industrial investment below its predicted
level and a drop in factor productivity in Soviet industry. Consequently,
we felt that an interesting scenario would be to augment the official defense
budget by, say, 2 billion rubles for each year 1965~1967 and examine the impact
upon the national economy. Unlike Scenario I, where we know the actual weather
conditions in 1963, in Scenario II, we do not know the true level of defense
expenditures in 1965, only the official budget. With a significantly different
series for Soviet defense expenditures, one would need to reestimate certain
components of the model (particularly the investment functions). We have not
done this so far for any alternative expenditure series for defense.

In Chart II.1l, we note with some surprise the magnitude of the defense
impact upon total investment when all the direct and indirect effects are taken
into account. Investment falls by nearly as much (95%) as defense rises. This
impact is felt upon all nonagricultural sectors with a 0.9 B ruble fall in in-
dustrial investment (Chart II.2), a 0.2 B ruble fall in transport/communications
investment (Chart II.3), a 0.4 B ruble fall in housing investment (Chart I11.4),
and a 0.3 B ruble fall in services/trade investment (Chart II.5) for the years
1965~1967. There was also a very small reduction in investment in the construc-
tion industry. As a consequence of reduced non-agricultural capital, we see a

reduced GNP in Chart II.6, the reduction amounting to 1.5 billion rubles by 1970.
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This diminished capital stock produces a very interesting longrun
impact on our model of the Soviet economy., Average labor productivity is
less in Soviet industry and this restrains the rise in the industrial wage
as seen in Chart II,7. This lowers money incomes and household consumption,
thereby adjustddg on the demand side to the reduction in GNP supplied. For
consumption of durable goods (Chart II.8), we see first the crowding=out
effects of defense spending in 1965-1967 and then the delayed income effect
from 1968 onwards. This reduction in urban incomes slows the population
drift away from agriculture, this lowers slightly nonagricultural employment
(Chart II.9) and raises agricultural employment and agricultural output (Chart
I1.10). The reduction in Soviet GNP serves over the longrun to lower total
imports by slightly less than 1% (Chart II.1l) and total exports by about

0.2% (Chart II.12).

Conclusions

In these two scenarios and others that we have run, the model has
demonstrated quite reasonable behavior., However, the user of the model
must be careful in scenario analysis not to push the system unreasonably
far from the historical values for exoganous variables, We feel that our
analynis has produced a model which simulates Soviet economic behavior
quite w21l in the neighborhood of the historical path. But to drive the
model far from that historical path makes the strong assumption that behavior
would be unchanged in quite different circumstances. In the case of Scenario
TI, for example, a 2 billion ruble increase in defense spending is comparable
to actually observed annual changes, However, a 10 billion ruble increase

in 1965 would be quite far from the historical record and one would have

lss confidence in the consequent path traced by the model.




36 a

goce ¢ JONMI 3I9VINIINIA 0INVNOS Myl 00N
* 6°6% gococcccscocoyontl QINVAAS "VII LODN
L7°2 2°CHOMNTY JUVLININNIAD IUINWNSUV °iv M

fent geoeclieccscnscesOUN] JINTNSYV MV IV $SITLSILILS ANYIINS
..............................-................................ .
¢ Qe . M 4 A § S°9t 6°cont 6220t . 2161
‘s ¢ * et [ A1 Z*gent L°100L 1461
® L : ’ - b Y B ¢ °Lt L°SL5 6°266 0L6l
© L 2 . Pl L1HVYHI ¢ o0l°1 2°nt L°aSw §°0490 6961
> s ¢ e L LA 9°ht o°tee c'qon 2261
- s ¢ ¢ gqu°'t g°¢t £en0L a*31te 1961
. e * gu°t | S ¢ 2°S6" - 6°vnl 9961
. se ® GQu°'t T°1t ¥'6us 0°t09 G%1
¥ . se ¢ ev°0 2°‘s 1065 1 9 £ 1 (LT ¢
% * L ¢ n2*2t- G°¢G- 2°0nh L°9CH £ont
M X e A0 o°n X 3K 2°6¢h 2ast
e X* e*o o°o S ls¢ G 14t | £ 19
00000 COOPCOOEEO PO P OO0 PPOO SO OCEESESSCEOEORROEESOEOEOCEOEOSstonsssoOoeoe . a X = UNP - - * u - . v

L°1601 : 01 §°T6¢ $SINTWA 40 JONVH HIVIO 3211383441008 ERNBUEFE) (] I O13¥N3IS HOLLYINWES 31vQ
MY3A/SITI8NN SWNVY JATLINNINAN gMy JLVES *ILVH 39vVA ¥ITVM 2QIHdVHD 170V ]I dVA

10 2NOHI J9VINIINI4 NINVNS "IV ] 10N

LAN T T4 geeeccecceesyuid) CI4YNNS HYi4 JOUN

24°0 oo oUNYHI JIVINIIUIL JLNINSQY 1w )

ceqay H eeevvcccccee)N¥] IAINSLY MV ) $SITLISILIVES ANYWANS
0000 00 000000 SESSEOP P 0ot 0000 000000 00 0000 0000000000000 0sototntesn
o) + * 190~ t°uee- T°360.¢ o°nazLe 2161
o + » ¢ ay°*Qe LAF 4 £ 6°2¢nLS §°GgayLe TL61
. ER -* 6F°0- £oLnt- LreLrag *°0f19¢ 0L6t
* ¢ L] ¢ 9¢°Qe~ G912~ 0°hrloe CeLIGaAg 6961
® X} * 91°0~ 9°19%- n°gunrg 6°9n0(4¢ 0951
] . . ¢ w0 L Y .Y4 L°822¢¢ 0°L15A¢ 1961
o ® * ¢ gv°*o0 9°e2¢¢ L RACH IEL R T°Ialn 9761
e " . c+°0 CRICY R ¢ NeLINNY Pe2CcZn gesl
s (2] " ¢ 91°0 L9 TeLinrs 0°16%5¢ 0961
* . . €°1 lHVHD ¢ gvo- 6°L2¢€~ 9°1aLne L°C?%5¢ €961
* b | 4 e u°e 0°0 6°E3NNn 6°GECn 2961
°X ® [\ 1] 0°0 6°0&20n 6°UR?NY t36¢1
SO O OO OO GO B OO P00 PP 00000 000000000 g00g00000000tosonsetiecse ﬂ K C 3 U~b - — * — n I} -

6°06200 01 o°092.¢ 1SINTAVA 40 2o NdYHO INrmlIsg1ae 3413433410 I Ofv1i338 HOIAVINGLS ItlvQ
$0SHId*SNOHI LNINANARI WUALINITHEY ViDL 74° 3103'dVUI) ITHVINYA

INCHN HAQ INNITIVS L1SIAHVH 96T AT 'IN $8WYNI0D 1 OIFV: 413
W300W IWNMA 242003 O01AVINNES

HiVd 234VIOHTe JISvd HLIN CMvd<0)d
INAL73 1S3ANVH €921 33 JXIsavy 1 IIHVNIAIS

B, e ——— et it . - — . . et wm e .- ‘o [ ma

—_— —— e - e ——— - - o c—— T e - —— o & G ——— — - ——




e $HONHI 3I9VINIIUIA OIUVYNAS MYId 10CH
. **0 pocectecceseyuN] QINVNAS *ViId LOIM .
fn°2 $°°°°U0UUI JUVENIINMNIM ILNINSIV QVIY m
,ww €0 peeccccccccccscoyonl IINTOSUV HIWIN ISITLISILVAS AuVNWNS !
Ww ............................ 000000000000 00000s0000%0000000000 ;
e o . * 2% 9°0 0°9t 9°91 246t i
g LI ® gf°g G0 u°st el 1461
L LR * ge°'s s°a 3°01 Teat 0L61
= LR 2°1 1¥VH) * 9°e L) g2t Leet 6961
. LR ¢ evL°t LA 11t s°1t 8961
: . © 0re "°0 ecnt %°0t 1961
B K * oLt L] %6 6°6 9961
. ¢ ¢ S L 0 9°9 16 5951 _
e . LR : 69y h*0 6°L £°9 nJ61
* * ¢ Gecl- 1°9- 1°¢ n°e €261
L] “ L) Q-Q O-Q W.oﬂ mo@ ﬁbﬁﬂ
$ X*  pep c°o 6°S 6°¢ 1951
..........................................I................... — X = u—b . — * - — ® -
9°91 04 6°S $SINTVA 40 IINVY HJIVYD 3043M34410% 3ININIL410 1 0IMVHIIS MOTAVINIS uva
$379N% oLet°Y IMALINITHOY T LIVISTIANT JAILDINONd Y1 $034dvAan IJVICINVA
LT84 THOHUI JIVINIIHIL Q3INVNANS "'y 44 100N

SIT4NY S9€T1°

4NA1N00 IVNALINITNEY

‘iviol

1o1vx

$93dvnd IV IYYA

Qoﬂﬂ&d uooooooooooox.n.zxd ouv—<=3m '_<a.~s Paoz
) hne2 *CUOUNT JOIVLINIILIY ILNINSY MY
Fecott sesecsscscccteeALY) JININSY NV I ISITISILVLS ANVNKNS
000000000000 000000000000000000000000000000°000000000000000-° o
& s Cofec0 " ALn $°G22¢n 6°€NLS9 2L61
b B {0 0°L%9 L°6S5A9 L°90°0¢ 1261
‘oo ) ¢ Gt°0 L°v09 S°Innny ' AFE 112 ¢ oLe6l
* . ¢ 9u°y 1°€Ts 9°1gune L°h 099 6951
- . T°1 1U¥VHI 3 431 6°Tne 3°0G459 £°605 09 9751
® L] . E EE— ¢ en°e 6°¢eetl 0°9sLrn o*eLntn L96t
s L] . ¢ 2e¢°¢ L°s6gl £°L40L19 ocanico 9961
e s o * geey g*s0tl 3°nleng Foar0Ls G951
£ [ 24 R T ] o uls S°L0LfS 0°Gring (LT3
® . e 61°Cte L°2CTy~ S*ELICY (L TR L} £961
® X * [\ n°o £°RY 726 £'07c¢S 2961
R X 5 0o 0°o 9°93q14 Reycy, 1y 196t
©0000000000000000000000600°00000000000000000000000000000000000068 t x = 3148 ) ( ¢ ) . t o )
Lm0t 04 9°9669* $SINAVA 40 ISNVY HJYVYY 32713434410% 3311944310 I 0pnv328 LoliviINKkts 31v3

3C1® MAQ INNTTVY L1SIANVH £96T ANy
13004 31004

HiVd NILVINNTE ISV 11gl® NJuygd.n)
UNTITY 1SIAMY~ §°¢6T1 49 J)'350v  *T Aalue 33

$NWNT0) 1 OIWVNIIS
$'NNANY 1N AVINLS

- — - - cm e - .
. .- -— -




. . Lecg 1HOWYI JOVANIINIA OINVNOS HyIW LO0ON
ﬂv neg geeeccceccoenNd UIIVNOS NV 004
nee2 $°°°°HONNT JIVINIINIG IANIOSHV MV IW
) ®ep geccceccccceccoohnpy] JAININSDY *vI4 $SITASILVIS ANVWNNS
3 ...............................................................
‘e o * ov°t 0°t ©°9%6 6°16 2161
“ * o * 9gy°y s°t $°C6 0°56 TL61
e o . * ot°e 0°2z £°26 €°%6 0L61
5 . + 9°1 L1uvH) °* wne2 g2 1°69 "i6 6761
2 . + MY 3 B 3 82 1°G69 6°LY w16t
o . * * Ge°n 9°¢ 6°09 G°aq L%t
e s . . ° 1e°g G%h 1°64 ecgp 9961
3 . . ° 2Zn°a 2°s 2°e s°1n §$161
. . » . * aH°9 h°g L°fL a°0eL "61
. LR L L ¢ 0°t T°tL | ST £t
. x ° oo 0°o 9°47 9°61 rJA |
. X c°o 0°0 2°a) a*p9 1961
0 00000090 OPO00 000000000000 0000000000000t osstoetes®ooooonsitese — x = uub - ‘ * ' ‘ . '
6°L6 0L 9°09 $S3INTIVA 30 IOMVH HJIVYO 3I71IYI44I08 3271344410 1 NIvVHIIS GO LY INNTS 3tvo
*00t=0L6T 32IMd NI TINIIVOY AIAYILO9IN 0LJ14¥d 3QIHJIVHD TIQVIdWA
£1°0 THONNI IIVINIINIG O0INVNIS My i LOIM
) 6ot eecccroyayy] LINYNDS MYV 4004
. fe°o0 CUONUI FOVIHIINTY IANINSOV ny il
6°0 s000etsscccncceeynny) JINIONSHY MV kv $SSIASILVAS ANVAHNS
...................................-...........................
°x * wl°0- s°0- "9 ¢ 6°¢c9¢ 2:61
. X ) ° 4#0°0- £°0- n*GeLt | L+ . 1261
. X * 90°0- 2°n- n°95¢ 2°96¢g 0LkT
g X €°1 LUVMI * gl°0- %0~ £e68¢ 6°0S¢E £96%
. . x . * 2t°0- #0- rAK ¥4 e°ges 061
. b * Qr°9 £°9 €008 AT 1y L1961
g X * ¢f°0 0°t n*262 n°ger 9361
. .o °* o050 e°0 122 - etz LYY
. X * T1°0 0°0 a*9z> LI "5t
. PO * gueg. 2°9- 9° 12 F£°6e2 £6t
. X . reo 0°9 $°6G¢? 6°4e¢ 2961
. X* con 0°0 2°112 z°0t2 1761
000000000 CQCOP0CRO0 000000000 0 000000 000000000 00200000 000%000000000 - ‘ F3 Uh” - ‘ * ' ‘ ® '
0 99¢ 01 2°012 $SINTIVA 40 ISNVY HJIVE9 33713344108 3)73¥44410 1 01#v433S *0livINulS v
$37INY 0L6T°U 1INCIud IvNOLLVr: SSONYD A9 $aM'dvE) 1I0VINEA

Wivd OILVINLTE JISvy s OQNY4,0)
INNTIIVE LSIAYVH €9eT 3I I35V

— - - -

39CH4M 440 IMNTIVI 1SIAUYH €96T 3IAIIY INNI0D T OINVNIIS
V3004 30Me 24aNT0D rolAV INA1S

1 OIS

e m. e




i
)
W

621

THONNI IOVINIINI4 QIWYNOS NvIHW L00M

4°9% gococcescecs o nyyY] UINVNALS 'V )i LOOM i

iney g HONNY JUVINIINIA JINTOSIV HVYIM

eeee geeceeccocscccoc)onnl ILNTOSHV NVIZ EISITLASILVLS ANVHLNS
.........................N...c.................................
L ° . ° otl°s T°n2 L°%2S . 9°1a8 eL6l
*e . A 4 84 9°62 1°0S86 L°6LS L6l
. . . * fe°C "eae 0°G6n 8c28 0L6l
2 L * 8°1 18VH) ¢ 0e°9 0°9¢ 0°YLh 0°22¢ 6%l
b L * ¢ fv¥°4 6°9¢ P DA 2°¢ns 9961
° . * * tecg €°61 0°f0S €£°2¢% L4761
¥ . * ¢ 0L°g- 261 1°GeH 6°GN% 9961
U * s ¢ Unyle °¢L%- L°R2H 6°a9f S%61
. . * »° 2v°0g- 0°9?t= Joisn a'nee *96 1
® X * occn- 0%vu- wenLh L°0Lh £961
e 4 t e°s 6°o0 9°9LY 9°0L” 2961
B 4 e c*o 0°0 L°Ghn LoGhh 1961
...o...‘..........o.o...o.o......ooo....o.oo....o.o........o.o - X = UNP - { ¢ ) { )

1°6L4S 01 €°62¢ $S3INTWA 40 IOMVY HJIVY9 32M3u3341C% 3J73I%14410 1 Ol'vh3dS HOLAVINKES 3iva
$SN LM3YUNI°W NOOS* VY IWHI*SLINODXI HSSI) 4433 104V YD VAT INVA

vecg $HMOMPI FVVINIINI4A OIHYNNS FvIW 100M

LR ¢ geccecoceccenjONN] O3INVNDS I'V]I LOUVY

L A 4 g0 HONYY UVIMIINTA WUNINSHY v IS

LR ¢ geceossscsccccearnyy) JLNWSUY NV I ISITLASTILAVLS ANVHANS
..........o.o.o...o......ooo...o.r.o.o...ooo........o...oo.o..
°x © 1€°0- 5*0- $*36 0°96 26t
* es * Te°0e 9°0- L°56 e°26 16t
. . * anete 2e1- 2°n3 nego 0L6T
. ) 4°1 LuvNH) * ht°l- ney- 1°02 L2 6761
. *® ¢ 2¢°e2- G1l= g9°99 £°62 3961
. (2] ¢ fe°2- (2 & g£°*% e¢h 1961
L *s ¢ gl °he L°t- 0°CH 2°CH 796t
° L ¢ efGe 0°2- €6t f°LS 5561
e, L 2 ¢ #C°%e 2°2- 9°9¢ 1 8 13 n961
. ) + 8 ° 9¢°9- 2°¢2- 9°€s 9°1¢ £961
3 x ° c*o 6°0 6°0¢§ 6°0¢ 296t
o x° c*0 0°d 0°a2 nege 1961
..........o.o.......o.o.o.....o.o..oo.....o......o.oo.....o... — X = Uuh ) — * ) [ ] -

s°e6 oL 0°902 t1SINTWA 40 39NVY HdVED 33 143434410% 3213934410 1 0lnen3ds NUTIVINKIS vl

SNy NIy

. .t —— - - .

Ad01033 IWKROILVY *SLTJ0ud SSONHY 947 QIHAVED IHVIIVA -

3704M HAQ INNTIIVE LSIAMYN §961 3A0-IN PuWNIND 1 OIWVIIIS
13999 IV LN 10) N0t Ay Onl S

HAVE OTLIVIN(Te JISVO pLl® O3%wdyn)
I4NTET3 LSIACVH ¥@eT 2 4I1330v °1 014viiddS .




3 g _— i e . 1 i LR e B o e s l“
e B P ) PR . e o
. ) sace 1HONND JOVINIINI4 QIVNOS MY L00M |
. Te6d geccctococoyGuY] UINVNANS MV LUIN
1 % A §°°°°N0NNT JOVININIIYG IUMASHY NYI
&°6% geoscsccsvccoceeliO) JINTINSHY NYIN $SIT1ST1AVLIS ANYNUNS
............................................................... ’ ¥
°e ¢ * oLt 4792 n°GLaY T1°2nSst LAt
* 144 * as°t gree ccugst 6° 0G0t 1461
L e ¢ aze*1 g°at S°GEnt RFGNl 0261
= L * 64°t e°2e 2°iIsaet 0°nit 6961 -
2 L 4 * 9% 2°se 9°66h f°q201 9%t
. oo * gn°2 6°wl SCEL) FoLne FLYA : !
e . se¢* 09°t (Db § | u*nie £°e?e 96t
e ! X * ou°0 [ LI Teuad LALTT Y
* @ P * o (fI1°11~ 0°gu-~- ARt é*°sail L L
. i X ¢ ©v*o 0°o0 0*anl Noung 29%1
C ’, > O neo o*n A 4 ¥4 2112 1961
000000000 0POOB0 0000000000 000800 000000000000 0060000080900 000s0800e - * = uﬂh v ‘ . - ‘ ° .
© ge206t 0L 2°S0¢ $1S3NTYA 40 JohvH HIVYS a2"13u4410% 32713414410 1 o14vn3ds 2011V INMEIS  JLva
£SN L3NENI°H CANNYY T ANMINTNIVI ¢21SIReSAINOL'T HSSN 2L 2NJHAY Y JIOVINVA
. FLAK 1% SHOMMI JITLHIINI4 GIWVNNS “iV3r LOM
M ..ﬂtﬂ uooooooooooozozxu QU“<=Sw -.(J.\ booz
.. €°n2 e ONONY] IVVINIINIY Jininsey v Iw )
0°¢%9 gecececrececccaynyN] AUNMSHY YT ISITLSTILVLS A'lvW+NS =
....................................-..........................
i . . * at'lle S%6h- Al £ ge2ue L6t
b ¢ © ¢ GF°91- 2°02~- 2°Catl 9°¢>Y TL61
e + 0 MY A A & £ AR T4 ' e K4 2°n61 oL61
® ¢ ¢ cge22- 0°¢ec- 0°acit o°cel 6% 1 .
o . . * LL°Ch- hegL- 2°1ln2 L9t 2361 -
.® ¢ ® * 61°9%- L°02= {°c9 [ 21 4161
o * [ ¢ Sr*Og. 2°Che- 2°a61t 1°t11t “96t 5
. e * ale21- gonl- geect €21t G961t -
°e . + @ G149 6°LLN e°nyg LA L1 L4
. £°1 1UVHI X °* fr°Qe 0° 1~ 6°0h 6°Nn c9nt
. X* [} 0°o0 6°ne .6°02 2961 .
. xX* u*o 0°0 1°¢e 1°¢2 1961
2 00000 0000060000000 0000000080000 06000000 0000000000006 000000000080¢0e — X = uﬁh — t o - a * - .
L4 % 1 01 6°02 $S3INTIVA 40 3JotvM HJVU9 2213434410% 3J1J4¥Jii410 1 O1v1328 H3TL2INVES Lv]
$SN LnuniEnd*w WN0NS LVIHS 8 LwINP* LSINISINAGH T MSSN 1IN SAJHAVID TV TEVA i
3704m A0 IUNTIvI LSIANVK €961 JANIN 3n=NN2] 1 OIXv'e3dS
300 3R I%4NNDI BATAVINGTS
HIVY 20741 ISV Hifl» ONVII)
3:INTIvd LSIAMY €9¢ T 47 307°35LY °1 1INV .3I8




364

1UONYI JOVINIINI4 UINYNANS Ly W 00N

thep
g g hee grocccoccrcoyoNNd (IINVNAOS tiVIN LOON .

eney 3°°°°HONNT J9VIMIIHIS JENISHUY NY I

Zen pecccccccccccccennund IANMSHY NIVYI 1SITASILVIS ANVHWANS
.....00......'0.0000.....0000.-0000'OO..O..00000..00.0.00000.0,..
*x * aeteg t1°0 6°¢C¢ 0°a¢ 216t
b ¢ ¢ eV°p o°o o°te | A { ¥ 1461
¢ X * a1 0°0 *°52 £°62 0L6t
. e * el 0°0 n°92 fa°92 6"6%
N X * 1o Qo’o S°n2 $° 82 9761
] s * ov°g 6°0 1°22 0°ce L1
. * o * GU°h 6°0 el 1°t2 961
. s o * accn 6°0 0°02 6°0? o6t
. . L X *  r*o 0°n 6°61 6°61 a5t
. Z2°11 1uWHd X *  0°0 0°0 6°Lt 6°21 €961
b X r c*°0 0°n 6°9t 6°91 2361
. X* ¢°0 0°0 6°61 6°sgt 1961
..........................IO.II.............I...............O. - ! = Uﬂ” . — * - - ® -

0°ng 01 6°G1t $S3INTIVA 40 IONVH HdVYH9 IIINIALIOE 3I93INI4410 11 OINYHIIS  "01ivINHES Jtvg
S0 0L6T°Y AVASATING S aMULS AL NI IN3NdYAD IIMVIYVA

seey IHOMYMI 39VENIINIA QINVAAS "1y 3t 100N )

(XY peocecsecece 4NN QINVNNS NV T LO0ON

6L°0 20 NONNT JIVLNIINIG UNINCIY ny )

G0 §o0cccceccccctcnnlN] FANINSHY BV 3SITASTLVES AnNvdwNS
.............I....O........I.I.I'.III.'I.I.I............O..OOI
°x * gr'0 0°0 S°C6 f°CA 2L6t
] X * gu°'o 0°0 0°9v 1°79 et
5| x * geey 0°0 0°?u nezy 9461
- X * 50°0 0°0 9°52 L°ce 6151
. x *gneg 0°n 0L e°oL 761
. . e ° epeg 6°t 0Ny £°69 2961
. .o L} KX 6°1 £°65 2°19 2961
. s o * ge's 6°1 $°SS L 31 LTA
. - x *  pep 0°n n°cq negq T ¢
= T°11 1uvHd X . c°0 0°0 L1°%n L0an %1
. ) S ceo 0°9 Goon C°9n 2a61
J & 0°0 0°) £ohn . Foan 1961
......‘......I.....I....II.IIIO0I.III.I..II.I..III.......I.... . ‘ b 4 u~h . “ & - . L ] -

NI 44410 I1 0IMviIJS "J117MWLS Wva
IWL0LT 0MdvHY IVAVINIA

V3004 131A0S 2900 11 OIM¥3dS
73304 I 2 NT0d 018V INLTS

°11 oInviIlds

%°Cé . 0L €°an $S3NTIVA 40 IMVH HAVHD 397138394148
S3WNY 0L6T°d AWONNIY Vv IOILVN *2NIWLS IANT
Hivd JAVINeTE IISVY “il4 AIuvd 10)
LY61=%961 d4NGINE ISNI4IQ0 131A0S v
U - Famid  CE— —— - -~ - . =

- o . - e - m— —— o — —— - ——



]

in°y $HONNT JOWAINIINI4 QINVNDS PyIN 100
. Noﬂ -000000000001°z¢u ch‘(:aV. o.<u‘_ hﬂaoz .
Ge°0 “HONMI 3IIVIMIIUI4 ILNINSHV nvIv
T°0 S0t eccccecc e nnitU] TUNAMMSUV NVIK $3SITLISILVLS AYVYWENS
.ooo.oooooooooooooo.oooo.oo-oo.oo.o-oo-o-..oo.oo.o.-ooooooo-.
°x ¢ ¢1°0~ 0°0- 1°nl 0°el eLe6tl
* X ¢ €t~ 0°0- 2°et ecet Te6t
% 14 ] * gl1°0- 0°0- (R ¢ nesy ai61
= +s ¢ §1°0- 0°0- gt g2t 6361
° ¢ ¢ gl°0- 0°n- : 411 Lty 0961
s . + M 4 2 2 L) 1°11 §° 11 L3R
= . . ¢ w°°¢ h°o geony L°nt 1361
. s ¢ B VAT heo . . L% 0°nt 5261
S . n X ° reo 0°o0 €°6 t°6 "hl
. POII L¥VHD X (0 0°0 Z°6 2°6 €761
¢ X ° rca 0°0 £°6 0 256t
) X AL 0°0 L6 56 t9at
000000000000 00000000000000000000000000000°00000000000000000°%0 0 t X = 311 ) ( ¢ ) { ¢ ) -
T°al o1 2°6 $SINTVA 40 IJONVYU HJVHI 327134 244108 3271J¥i3410 11 0I¥vH]OS HorAVINKIS 3lva
$37AnNY 0L61°0 SUISNOH *LNIVISIANI SHE aNIdVAD TVUVINYA
fs2 SHONMD JYVINIINIA NINVNAS “wid 004
: 20 geeoccectoco oYY 0IYVNIS ‘WY pOUN
°c*l $OCCCUNUNI JUVLINIIMYY HNAINSHT Yy
Ten 000t ccccccccceynyN] IININSHV HYVT) ISITLASTIVAS ANVNHINS
G 00000000, 000000 00000000000000 0220000800000 0000000e00p0000000s
°x * oe°o 0°n 9°6 LA ciAt
® X ¢ oec°o 0°o0 v e°o L€l
2 X ¢ te°o 0°n $°0 s$°0 0761
- L 24 * te*o 0°o i°d L 6751
° X ¢ 12°0 0°o 69 €°9 3961
. ) Py * . G o s°0 <9 [ K- L1261
. . PY * ] ore*g £°0 g°¢c 1°9 augt
* ’ . . ¢ 02°¢S £°0 S°s e°s 5961
° X * c*a o°o S°G Qg %961
. C°II 1yvHd x AL 0°0 6°n % £961
= X s c°0 0°o 9°n 9°n 2961
N X* teo 0°0 2°n 2°h 1961
0000000000000 00°000000000000000000000000°000°000000000600000000000 — X = Umh - [ - { & )
2% vl 2°n $SINTVA 4N JONYH HJIVY9 377134344108 3J2:3%34410 I1 OIvYVIINS SUILYINN]S 3LvQ

S3TUNAH 0461°y SHOTAVIIMNLNOD GV LNC {StIvML *L1%3ML1S JANT

Hivd Q31VvINITEe JISvN

L5861=5361 <¢ANINY 313430 LIIANS v

gNMAl :@IMd7 39 IVAVIUVA

3005 LITACS muunIN) 11 OINVIIIIS
930 31N NI OTAVINYLS

il O3M7440)
11 0Iwvalds

e Bt St -




20l

O A e —

hoe
fney
e
L0

0000 0000000000000 0°0 200000000000 000000000000°00000000000000000s0

> X

e [ X3

6°COE

L2 J

9°II 1HVHI

nL 2012

X

$SINTIWA 40 3IINVH HJIVHTD

$37AnH ole1°H

) &

[ e

g2°
1en
Gne
10

X

$°11 1uVHI

X

X*

LA

04 »°L

S31un4

$SINTVA 4O 39NVH HAVHI

cletl*qg

JIvHL O"w S3IVIANIS

0 $MOUNI JOVINIINIA OINVNOS fivid 1004
geececscccceyONNT QINVIIAS NV LOON
0 $eCC M0ENT 3DVAINIIdId TUNINSHV NV I
gececcrecssscscn)lONY] JINTINSUY VY
§€°0 £°t 9°h9¢
S§°0 R ¢ L°feLe
r4 B} s°t Le°osg¢
2¢*o 9°T 1°L5¢
I+°0 £°1 s*2272
2¢°0 c*t 9°so¢
ov1°*o €°0 1°ful
0o1°o £°0 30 ¥ 2
0°o0 0°n 0°7°42
f°n 0°0 [
c°o n°o b°G22
’v0 0°n F-Ad 1l ¥ d
t x = 311 ) { + )
32934344108 A'1INI 410 11 Oolwvnlds
NCNHD TWNOTLRVI SSOUD dt9
3 SUNYYT IIVALIINNIA AJYVANS MY 10
geeccecc et yoNd] (UINVNOS *V3i: 100M
0 $o0°UONUTY IIVINIINIG TULNINSHY MY I
noooo.o...oo..o.v_aizd UhDJJW.u( My A
L0°0~ n°0~- n°sl
gr°o- 0°0~- gont
LC°0- 0°0- 0°hl
Lo*y- nN°Ne 9°s1
LC°0- 0°)- A
0¥ °2 gre 0°2t
6t°2 T 9°03
6 *2 [ L°h
ceo 2°9d 6°f
(G o‘o g°u
¢*o o°o 6°L
ce°n o°n het
¢t x = 311 ) { «)
32134344109 32°i3M33410 11 0IMvE:1dS
N3-S IANT LELY

139C4 171408
3704 310K

HiVd J3VIN4Te J1Svg Hila 03wy 0]

L96T=$9A1 dNNIINYG IS 47430 L3ILANS ¥

etmme e e e

- e

*11 Oluvilds

$SIO14S1IVLS AMNVNNWNS

6°60¢
1°GLE
eeee
6°HES
ecges
9°ang
n't62
e°*t1Le
e*nce
[ 2N X
6*C?¢
2°n1e
{ ¢ )
HUT LY INKES

$SIILSTLIVES ANYAW.S

h°ct
£°at
0°nt
9°¢t
Z°¢t
g2t
ne It
n*nt
(34
g£ov
6°L
h'L

{ » )
“QliviINw1sS

v - - -

$AIMAHD ITIVINYA

$NYIdV 49 3NV INVA

ssmo o - ¢

2L6l
1261
0161
6461
37at
L1761
f961
6961
n351
nurn
293561
1961

Jivo

eL6et
161
oLét
63561
361
L3671
9341
53461
n61
€261
2961
1961

vn

$raN0) 11 01NV IIS
$HWwNI0I NOTLIVINRIS




36 0

L 248 §
-0
7ecQ

e

0000000 0000000000000 00000000000000600000000%000000.00"02020302000

e ¢

X

[ X 3

L X 4
e

911 1¥vAD

0000 0000000000000 0000000000 e0ecvcevco0cscvocccccccccrcccceboce

°se
L]

vest

e
e

UL 6°S

LA J

4°11 1HVYHI

M
(3
R 3
R -
¢ L
e L]
. 9 @
e * 9
‘ L]
x L[]
xﬂ
$SINTVA 30 3IONVH HJVYY9 3
sIany GLsT°Y Sgona 3
1~-0
G*9
. [ S A ]

0°0991

01 S°o0211

R 4
* 6
R ¢
¢ ¢
X . L
X LI 4
c 9
u L[]
‘ L[]
x [ ]
l.
$SINTIVA 40 IINVI HAVYHY 3

LV3IA/SITNY

19616961 dN27INK 3ISNV4I0 LILANS V

Hivd 331VINLTe D

SHOMHI 3I9VLINIIUIL 0IAVNADS Mv]H

1004
goeeccccccca )oY AINVANS NVIW LOONH
SPONYD JIVLINIIHIG NSOV v Y
gececcccecccccoeygHNY FNIOSHY WY W $SITISIAVIS A
*°0 1°c L°ct 9 st
*°0 1°0 £°G1 ¢°Gt
S°o 1°0 gent hent
L°0 | SP neel [-2X % ¢
neg 1°0 92 1°21
12 £°0 nelr 9°11
L i 4 2°0 "0t e*nt
Lk 2°9 2°6 $%6
n°o 0°0 h'e L
e*o 0°*a £°L s°L
v°o [ L LY
(1] [} 65 S
t x = 312 ) [ | {t o )
ININIS410% 3J 13434410 11 OUMVKKIIS HITLIVINMES
FIWHNA NI L4NNSHIO0) ON) $OINGVYD TWVINVA
SUAHED 19VINII¥I4 O3IWVAIS NV 10DW
H ececeece ynuNT UINVNNS Myl 10U
$°°° HOU!T JUVINIINIA IININSTY By i
geecccsscecsctccypuny ILAINSHY v A SSITLSTILVAS A
o 9 neagoy neanet
a*Q 1°0t [(RER B 1°s291
Q9 T°tt L°031 L°1¢C1
L°0 6°01 £°0G651 . 2°luct
c*0 o°L 99wy Reuhnl
2°0 L°g BTN [ §
00 L0 wereyt geett
c°0 20 he 27 G*o0r2t
teo 0°v Qen>t CIREN S |
00 0°0 1°9611 1°e 71
c°0 c°o 9°1G1Y a*t..t
vy [R] genett G211l
t ¥ = 311 ) 1o+ ) t o)
'Y 4410% 32013834410 11 0Iry132S HOLAVINKIS
441SNANT *31VH IIVA SIm taYaivsd IWVIYYA

3004 131408
13304 300

19y 11TY C3UvN)
°I1 OTUWH3IS

£ NI2) 11 0O1MvHIIS
204000 1013V LS

HIWNNS

2161
161
oL6l
6% 1
2961
961
9961
o90%
"6 1
ﬂDw.n
2761
19261

v

IVHHNS

2161
te61
oL61
64961
2961
L2061
206l
5961
2961
€261
2961
{%61

e




n°e $HOMNI JOVINIJUIA QINVNOS MYIH 100M
b Al greeccecceceyONNT OINVALS VL) tOON
In°0 $°°°CUONE] JOVLINIINIG ILNTINSHY 14y ik
Aen $ootettscccccscirnyl IUNINGHY NVIW 3SITLISILVES ANYYSINS

.............................r............................Q...
& X 10°0~ 2°9- L°012469 R°ENnLG9 eLet
X €N - L3 t) £ 1°G2ong 14°90%0¢ TL6t
X £0°0~ 6°9997L e°Lsaty 0461
2n*0- 8°GLnng L° w9929 6351
0C°0- 6° 10809 6 ELE N CLTY
00°0- T°2L4719 0°2Lnt9 1961
e VLGS e*111¢9 DI
¢ £°029¢8 £oe20y¢ 5961
e 0°Ganeg N°CEgns 951
OT° 11 4MVHI x* e. ;.¢v;:s a.:>\a: nar-
ﬂ..
°'

X ® L°6°1224 Foangeqg el
X e LT AR LTS AN eaqL1g 261

...............’......l....'.U.....0......................... “"h - - * v - . -

€*7901L 0L 9°9669% IS3INTVA 40 3IONVHN HJYVH9 30713434410 Ji*3H.42410 1) 01%vi3ids PO vINNLS 1ivQ

$370NNH S961°W 40.01N0 IWHONLINIZHEOY TviOL 171V 10WIdY 49 IV INvA

neQ SHOMYI JOVLIHIINI4 OIMVNDS *vIM L00M

AR L feeoteseseccdunyl CINVANS tVIN LOON

Sh°0 SO0 NONUD 39VLINIINAY ILNWNSHV v g0 :
Qepg “.-------v.omu-.d Jh.uJ).ﬂL( QA 2] uﬂu—nﬂnhﬂhw h‘«‘t-..aw )

...........................-....-....-.......-..............
X hC°0= €°0¢- 2°egang LA Yo X %] 2161
X ho*0- 9°3¢- V€620 LA AT 1261
’ [} £°0 W PLTINY 6°NaTNY oLetl
[ R s°cot Gohe 0y 6oL 4361
61°0 geearnL L6~ J°61
ayer g£eoLrcL L°C0CTL 1961
LU 2°72%12 A S L) ¥] 2:51
aren £°CsCY &°nr0e9 (PN
nee . peeyna [ I ] " 6T
6°11 LuVHS . o *e nergnga LR €0l
X e r°0 6°0JL19 &°n0L09 2941
b & ree [ B 8 ¥ Forties 1Y

-ooouoo.ooouu-oouuu-u-u..uu-u-u---uo--uo-.-ou-u-.ooou- Unh ) { ¢ ) i o )

2°9gone 0L €°11148 $SINIVA 340 I9NVM HAVY¥9 30713434410¢ JrIMa4410 I1 O0t»w 228 1PfLvINILS uvn

SHNSY Y4 SN} LN3IHA0 VAN Vo r 1IN0 Y0104 3700 10INAVHY TNV HVA

N3004 LIIANS 194N IND 11 OTNV*13IS
V3304 300 pdNIND 1,014 NIGLS

AV UJLYINGTE DISVy 181 NIVV.0)
45615961 40LIINY 13713430 L31ARS v I AIavNIse




avee

tHONNID 129VAINIINIJ OIHVADS MYIU LO0U
goceccocsceonyONY) 1IIBVANS MVYIN J00M
g§e°°°u0NYY JYVANIIADL IUINWSIWV GV )L
[eececcccescccoanyAYNY JINTIPSHY HYIN 1SIILSTLVIS ANVEuENS

L33 ¢

or°o

Lozt
0000000 000000000000 0000000000000000000000000000000000000000009
°x A R | 9°ce
* | * orce A X4
: L * geto 0°62
. X * ge°o 1°0€
= X ° te°0 LA
L ) ‘ L] ~.—.e n.Nﬂ
* x ° gu°o 1°¢
= X ° zr°o £°1
L . . . c.o °0°
\ TT°11 LWVHI ’ x * e°0 0°0
. X . [O] 0°0
- ‘. °.° °D°
.............O..............0..0........0..................... - “ = u~h -

G°2sent 01 2°L229 ISINTVA 30 IONVH HAVHO ID1u434310% 32U 44410

$SN 1H3uuNd°H

S13¥04X3 WL0L HSSN

a0
. neogq
[ X 28]
7€y
2 000000000000000000000000000000000000200000000000000000000000¢
‘oo * 9r°9
® se ¢ suco
L ) .. ® unn.e
° X * €%
k. oo ¢ ato
. Ps . cceQ
[ ] K ] h~.=
L] K . ONo
.  { e veo
i . TT 11 LWYHD x L
. X L] cee
. | & 0°0
0000000000000 000000000000000000000000000000000000000000000s0000
Z2°9068T T A8 § ¥3 $1SINTVA 4O I2NVY MdYND

$SN L1umnNdt

SHONND J9VItIIINIG OVANS PNy3I
SoccctoyCHND OINVATS MV
SUOMHI IOVLINIINTA ALNINSHY
uoooooooooooooooxaluu IANINS GV

9°101
s°got
6°111
2°t10t
£°¢L
2°0%
n22
6°st

oo oD

0
0
°.
]
X

¢ = 311 )

32°14434410% 37114410

S139dul WwL0L 4SSO

Hivd DIIVIVITE JISVE =Ll C3evs i)
1961=5961 40 INY 397430 LIIANS v 11 OInviIdIS

- - . e

6°92ant
1egosLst
(M LY T
6°Co0T1
ZLLant
L° 1966

9°alng

g£oLL20

| R SN

L°Llanl

£oq199

2*Le~9

t »)

11 01MvridsS

ceZgunt 2L6t
soocdrt L6t
zecreet ocLet
o°apatt 6361
9°GL931 0951
6°SLhb 4961
L°LLoG Ya¢ t
S*vL29 R TN ¢
1°¢42 anet
LLeaL £92.t
[ 2 SL 2901
2Lezn test
{ s )

tI1LTINNES Jiva

FARY 2QIMdVHD 3TUVIdYA

a°a0sst
vernet
4091211
2°0nLnt
29676

L LRGP

L°232a

| 3

LS

NOF.VFJ

6°LE1”

| 5 8 ¥'35

{ ¢ )

109%
1004
Nv3d
IV i

1T 0I¥yNddS

s19y

T309.: 131408
13334 3100

$SILSILVIS ANYNWAS

T°I00EY
fonnegt
gLt
LA LI R
[ 3 22113

6°Cr06

1°5019

6°LnRL

L°EGY

2 LaLn

6°LF19

| 54 & ¥14

{ o

2L6t
16t
oLkt
6¢t
9961
Lt961
97%¢€1
G9¢et
n96t
RLY
2761
1%t

HOTLIvINNIES v

$AIMAY YD IVIIVIHVA

$nNINY 11 Oluveilds
1q4NIND 0IAVINNES

- co=-a

16k




SECTION FIVE: USE OF THE MODEL IN FORECASTING

Before using an econometric model in forecasting, one typically performs
a variety of tests including mean squared error calculations, multiplier
studies and ex post forecasting, Furthermore, a new model's forecasting
performance is usually compared with that of previous models. 1In the case
of our model, we have recently begun a series of tests that will continue
through Fall 1974 in order to assess its characteristics, Though there are
no earlier econometric models for the Soviet economy (except for the longer-
run Niwa models), one may usefully compare our model's error properties with
models for other economies and compare its forecasts with those non-econometric
forecasts made by expert observers. In this section of the report we will
first describe the necessary procedures in forecasting with the Model. Second,
we will present a forecast for 1973, the year following the statistical sample
for our model estimation., This is an ex post forecast since we have actual
values for certain exogenous variables, such as Soviet weather. Third, we
will discuss the steps which are necessary to brinc the model to the opera-
tional level and a tentative annual schedule for forecasting the Soviet

economy, both short and medium term.

Forecasting Procedure: Short and Medium=Term

A short-term forecast for our model extends through the latest year for
which we have annual plan and plan budget data, A medium=term forecast will
extend from one to four years beyond the short-term forecast. Because of the
absence of budgetary data (investment and defense) for medium=term forecasting,
a different version of the model must be employed and additiional assumpticns

must be made.
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For short-term forecasting, the user will typically use the basic version

of the model with budgetary plan figures for investment and defense. Over
the forecast period, assumptions are then made for four groups of exogenous
variables:

(1) Demographic variables

(2) World Trade variables

(3) Agricultural variables

(4) Short-term policy variables

Demographic variables include the size of the population and the able-bodied

population; assumed values for these variabler will be obtained from the pro-
jections made by the Department of Commerce (Poreign Demographic Analysis
Division).

There are eight trade variables which play a role as exogenous variables

in the foreign trade sector of our model, Four of these variables are world
trade variables for which extrapolations are typically made in WEFA econometric
analysis of world trade and the U.S. economy:

(1) P599, Import price deflator for mznufactures, U.S.;

(2) PWT9, Price deflator for world trade;

(3) WT¥9, Index of world trade in commudities in constant prices;

(4) YCMEA9, Index of Net Material Product in the CMEA, exluding

the USSR,

The other four variables in this category ave specific to the USSR and the
user must consult experts on Soviet foreign trade in forecasting their future
values:

(5) PREX9, Dollar/Ruble conversion ratios

(6) XGOLD$9, Gold reserves of the USSRj

(7) PTM9, Official Soviet price i:dex for imports;

(8) PTX9, Official Soviet price index for exports.

The third category of exogenous varizbles for short-term forecasting

are agricultural variables. These include the two weather indexes used in

the prediction of agricultural output and the level of sown acreage. Some

long-range forecasts of Soviet weather are made in the Soviet Union and the
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West; these may be used in setting the assumed values for summer-spring
precipitation and winter temperature. Sown acreage is another variable for
which expert opinion should be consulted; the Diamond-Krueger index has re-
mained quite stable over the past five years but may soon rise with the
recent Brezhnev emphasis upon land reclamation,

Finally, we may turn to the policy variables including tax and expendi-

ture rates for budget categories and administrative reforms of prices and
wiges, In a "normal® forecasting year, the user may simply assume no exo-
genc1s shifts in policy instruments. However, the model has been constructed so
that anticipated reforms may be incorporated in the forecasting procedure. Using
official pronouncements on policy changes and price-wage reforms, one may intro-
duce such instrument shifts through assumptions or adjustments before computing
the forecast.

For medium-term forecasting, additional assumptions must be made about
‘Jefense and investment expenditures over the forecast period, For defense,
the user must specify both the official defense expenditure category and its
distribution between personnel and nonpersonnel components., For investment in
a medjum-term forecast, one must supply sectoral investment levels for the
six sectors of the capital stock: industry, agriculture, construction, trans-
port and communications, housing, and services and trade. Assumptions for
these variables may be constructed on the basis of five-year plans and the
judgment of Western analysts.

Enough of the forecasting procedure has been described for the reader

to recognize the importance of expert opinion in the preparation of a forecast

with an econometric model. In forecasting experience for other economies, a




crucial element is the interaction between expert judgment and the econometric
model. The model builder may recognize when a component of his system has been
predicting badly over the sample period; but he needs the assistance of expert
observers in anticipating poor performance of a model component because of
structural or policy shifts., On the other side, the model represents a valuable
new tool for the expert since it captures, at least to some extent, the complex
of interdependencies and enables him to evaluate the sensitivity of the observed

economic system to judgm:ntal variables.

An "Fx Post" Forecast for 1973

In Table 1 below, we have provided an "ex post" forecast for 1973
computed using the SRI-WEFA Econometric Model of the USSR. For selected
categories of production and use, the Table includes actual values for
1971-72 and predicted values for 1972-73; also included is a growth rate
for 1973 calculated from the predicted values for 1972-1973, Before commenting
upon the details of the forecast, it is important for the procedure used to be
understood., Amony tnhe assumptions which are made for the forecast are the
actual values for Soviet weather and the annual plan figures ‘or sectoral
financing and defense. Because we do not have complete trade statistics
for 1972, the model solution must begin in that year using actual historical
data for 1971 and earlier., Consequently, the model prediction for 1973 is
actually a two-year forecast; however, actual 1972 data were used in estimating
all equations of the model except those in the trade sector.

There are no forecasting models for the Soviet economy to serve as

benchmarks for evaluating the first applications of the SRI-WEFA Model.

llowever, there do exist evaluations of Soviet performance in 1973; unfor-
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tunately, these tend to be either more aggregative than cur model or much
more disaggregative (commodity outputs in physical units). The evaluation
produced by the U.S. Government provides the clearest standard for judging
our model's forecast since the underlying data used and the level of
disaggregation are -~uite similar. This evaluation is not a forecast
since it rests upon fulfillment reports published early in 1974: the only
actual 1973 values incorporated in our forecast are the weather variables.
In Table 2, we nave presented for comparative purposes those preliminary 1973
growth rates published by the U.S. Government. Because of different valuations
and slightly different classifications, Table 2 does not provide an exact
<tandard: hovever, we should be concerned with significant discrepancies.

In general, we are 7uite pleased with this initial forecasting effort
the forecast:is rather close to the U.S. evaluation, particularly on the
production side For all sectors other than construction, we predict sectoral
growth rates that are slightly below Wwashington's rates. The 9.17 growth rate
in construction activity appears because of the large increase in forecasted in-
vestment in the construction industry (17.9%). On the use side, we predict
more fnvestment and less consumption than are indicated in the 'lashington figures.
Our low forecasts for food and soft goods consumption reflect the agricultural
constraint from 1972: this constraint was not so severe in 1973, primarily
hecause of expanded imports from the 'lest. The sharp rise of investment (9.27%)

pr:di-ted by the model is generated by the inerti: of Official defense expen-

ditures and a predicted 12% rise in gross profits.
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i In the foreign trade sector, we predict a high growth rate for both
exports (12.97) and imports (20.0%) in 1973, but those predictions fall
short of the preliminary growth rates for Soviet foreign trade. OQur errors
In terms of the levels are even greater: our predicted values for 1973 are
5 Billion U.S.$ below estimates of actual levels. Our model, not surprisingly,
does vot predict the effects of detente on Soviet trade in 1972 and 1973.
In using the model to forecast Soviet trade, one will have to incorporate
judgmental adjustments for several of the major categories in our system.
We will also need to re-estimate this sector of themodel using a dummy
variable for detente: judgment of experts must then be enlisted in projecting
the probable duration of this effect.

In the basic version of the model, one obtains predictions for both
scctor-of-origin GNP and end-use GNP, and, consequently, there is a simulation/
forccast residual equal to the !ifference between the two. In the trial fore-
cast, the model predicts a larger grovth rate for sector-of-origin GNP (7.1%)
then for end-use GNP (4.9%): there ir a net change in the forecast residual
of 8 billion 1970 rubles (from -2.6 to +5.4). As an alternative forecast,
one may usc the version where total consumption is the residual category.

The only significant differences between the two forecasts are in consumption

and fts components are now much higher than the '“ashington estimates, particularly
for food and soft goods ‘'le have nore confidence in tue Table 1 forecast for
consumption though we do recognize the need for model development to allow

{mports to ease domestic supply vonstraints on food and soft goods.
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TABLE 2

®reliminary Data on Soviet Economic Performance in 1973
(U.S. Government Figures) 1973 &

Production (Growth Rates measured at Factor Cost)

GNP 7.5
Agriculture 16.8
Industry 6.2
Construction 2.2
Transport/Communications 7.3
Domestic Trade 5.4
Services 3.7

Use
Consumption — Total 4.3
Food 4.6
Softgoods 4,6
Durables 3.3
Services 6.3
Total New Investment 3.5
Capital Repair 10,0
Civilian R, & D. 6.6
Administration 4.3
Foreign Trade Actual Level (B U.S.$)
1972 1973
Total Imports 16,19 20,98 30.4

Total Exports 15.41 21.33 38.4
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Table 3

Consunption Forecast When Consumption

Is the Residual End-Use Category

Predicted Predicted 1973 Prediction
1972 1973 Growth Rate From Table 1
Consumption -- Total 221.5 235,6 6.3 251
Food 106.3 112.1 5.4 1.2
Softgoods 51.1 54.8 7.2 1.0
Durables 15.8 17.1 8.2 6.3
Services 48.3 51.5 6.6 4.4
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Towards Operational Forecasting

In the past year, we enlisted expert opinion early in our specification

of the model; in the current year, we intend to involve experts actively in
the use of the model for both scenario analysis and forecasting. During
1975, we will conduct forecasting trials with the compact five-sector model;
this should provide considerable experience in forecasting the Soviet economy
that may be transferred to the second-stage sixteen-sector model.

With the budget statement in December 1974, we will issue our first
control forecast for 1974 and 1975, Early in 1975 we will convene a seminar
of expert: to evaluate the performance of the forecasting procedure for 1973
and 1974 and to consider appropriate adjustments for our 1975 forecast. 1In
the Fall of 1975, we will issue a revised forecast for 1975 on the basis of
additional information on world trade and Soviet weather and prepare for the
December control forecast »f 1976, This will set the general pattern for
operational forecasting on an annual cycle:

(1) December-January, we issue a control forecast.
(2) Early in the year, a session with econometric and Soviet
specialists held to evaluate past forecasts and the current

control forecast.

(3) Then, an adjusted forecast will be issued in Spring with a
possible revision in the fall.

In Fall 1975, we also anticipate preparing Model II with its Input-Output
component for use in forecasting both short and medium term,

Wwe will be experimenting with medium-term forecasts using the compact
model in anticipation of the Tenth Five-Year-Plan for 1976-1980. We should
then have enough experience to use the Model as an additional means for

testing the feasibility of the Five-Year-Plan,as well as a tool for medium-

term forecasting.
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DOCUMENTATION FOR THE
SRI-WEFA

ECONOMETRIC MODEL OF THE SOVIET UNION

I. Sectors and Symbols

In its fully endogenous mode, the model ~onsists of 81 stochas-
tic (behavioral and technical, type B) relationships and 32 identities
(type I) arranged in the sectors set out below. The sectors are
identified by the letter shown; this is the initial symbol ia the
names of all variables determined in that sector, e.g. PII is a
price variable (industrial investment deflator) determined in the

P (price) sector.

SECTOR SECTOR NO. OF RELATIONSHIPS
IDENTIFIER NAME B-type I-type

Population and Employment 1
Investment

Capital Formation

Other Agricultural Variables

Production

Wages

Incomes

Prices 1
Consumption

Budget Revenues

Budget Outlays

Exports

Imports

Aggregate Identities and Balances

oL

QIHDHATUNIEIXPDPRHZ
VNV BUNUINSN®O

NN~ W

TOTAL 8

ot
W
N
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II. Simulation

The model is encoded into a simulation program using the
WEFA general model solution .ystem SOLVEM.* This program has stan-
dard facilities to convert the status of any variable (e.q. from
endogenous to exogenous) and to apply additive adjustments to any
variable. In addition it has facility to change the status of RLOCKS

of trz model which has been utilized in the following way.

BLOCK NO. DESCRIPTION CONSISTING OF SECTORS
1l Foreign Trade E, M
2 Supply N, K, A, X
3 Incomes W, 2, P
4 Investment I (excl. 1.10-I.13)
5 Consumption C
6 Budget T, B
7 Aggregates G (plus T.10-I.13)

Blrmck 2 is, of course, the central and largest one within

which most of the simultaneity is to be found.

An example of the application of the BLCCK facility would be
to change the status of BLOCK 4 (investment) from endogenous to
exogenous.

A further facility to utilize different alternatives for a
particular equation or set of equations, and thus produce different
variants of tha riodel, has been employed as follows (ZERO is the

initial default option).

' * We are indebted to George Schink and Bill Brown, the developers
of SOLVEM, for guidance in using it for this model.
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ALTERNATE EQUATION
SWITCH NO. SETTING ALTERNATIVE NUMBERS
1 ZERO Non-agricultural investment by
adding components I.la-6a
ONE Non-agricultural investment by
direct function (components by
exogenous ratios) I1.1b-6b
2 ZERO Industrial output from Cobb-
Douglas X.la
ONE Industrial outpu: from C.E.S. X.1lb
3 ZERO Consumption components by direct
functions C.2a-C.5a
ONE Consumption components by supply
functions C.2¢-C.5¢c
TWO Consumption components by share
functions C.2b-C.5b
4 ZERO Total consumption by adding
components C.1lb
ONE Total consumption by direct
fuaction C.la
TWO Total consumption by supply
function C.1d
THREE Tot:) consumption by residual
faaction C.1ld

Except in the form in which total consumption is residually

determined (Alt. 4=THREL), GNP is determined hoth from the side of

production (equ. G.3) and from the side of use (by adding compo-

nents). The difference is a simulation residual defined in equation

G.6.

III. Variables

Variables in th

e model are contained in the attached alpha-

betical list; there are 113 endogencus and 65 exogenous variables.

1
!
:
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. The following naming conventions have beem employed. *

SYMBOL CONVENTION

! Initial Symbol

Sector symbols Sector of model (see above list) in
which endogenous variable is determined

Q Dummy or time trend variables (figures
following generally denote year(s), e.q.
Q65 is a dummy variable for 1965)

Final Symbol

9 Exogenaus variable other than Q-type

Embedded or Trailing Symbols

Industri~s 1 industry
C construction
T transport and communications
n government, trade, services, etc.
A agriculture

Other 4 current ruble value (always used)
70 1970 price base (not always used)

NOTE: A variable is exogenous if and only if it ends in 9 or begins

with ¢: a variable is at curreat ruble value if and only if
it has a &-sign in its name.

Data file management programs developed at WEFA were used to

construct, maintain and utilize a databank for tre mocdel.** The
structure of the list of variables is largely self-explanatory.
Variable # refers to the number of the variable in the model (simula-

tion program) which generally differs from the number on the data-

L4 The ceader is urged tc study these conventions prior to consult-
ing the equations of the model as an understanding of them will
greatly facilitate that process.

b ** e are indebted to Virginia Lony for assistance in settiny up

up these programs for our purposes.

h_________-.____ ———
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bank. The set of model variables is a subset of the complete

databank; a list for the latter is given separately in Appendix B.
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IV. Equations

Equations ave arranged by sector in the sector-order given
above. Behavioral equations are written in the form used for
estimation with the sample mean value of the dependent variable
shown in parentheses beneath it. In some cases auxiliary variables
have been defined below the equation in which they appear. Such
auxiliary variables serve only this presentation purpose and do
not have model variable numbers.

Figures in parentheses under coefficients are t-statistics;
absence thereof implies extraneous estimate. R2 is the multiple
correlation coefficient (unadjusted for degrees of freedom); S.E.
is tte standard error of estimate and D.W. the Durbin-Watson sta-
tistic; D is the normal variate devised by Durbin to test for first
order serial correlation in the presence of a lagged dependent vari-
able.

Final equations were estimated by ordinary least squares using

T.S.P. (Time Series Processor) .*

* We are indebted to Jean-Pierre LeMaitre for assistance in adapt-
ing this program to our data files.
S
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N POPULATION AND EMPLOYMENT
(N.1) NPOFU Urban Population
100 NPOPU _ 36.06531 QLT28 + 0.11493 (100 %%%%é%%%%%)_z
(20.79) (1.53)
(54.1) ( 100 WI& )
+ 0.9
(2.3;?47 (ZPWSC&+ZPWS&)10.6/(NASC+NTAP)
- 93.27110 - 0.97486 (XRIOTLA000 _ ) |
(7.63) (1.08)
RZ = .998 S.E. = 0.137 D.W. = 1.83
Sample Period 1960-1972
(N.2) NPOPR Rural Population
NPOPR - NPOP9 - NPOPU
(N.3) NNAS Non-agricultural,_pon-artisan Employment
NNAS NPABY
— = 5,68721 QTS50+ 0.04875 ss-~5%
NPOPU+NPOPU_) (15 g3) (0. 50) NPOP9
(559.0)
+ 420.11182 1w¥§5§§§? + 8.88542 QPL7
(7.93) -1 (4.00)
rRZ = .985 S.E. = 3.761 D.W. = 1.99
Sample Period 1959-1972
(N.4) NI Industrial Employment

100 NI _ _ 2.17066 QLT28 - 0.07047 QPL7 - 0.22100 IRII_,
(1.20) (0.54) (2.39)
(40.6)
- 1.29640 IRIC_, + 62.67984
(4.46) (19.69)
R% = .968 S.E. = 0.225 D.W. = 1.59

Sample Period 1959-1972

-2
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(N.5) NC Construction Employment

1
100 NC _ _ 5.84034 QLT28 - 0.09236 QPL7 + 0.13683 IRIT_;
(3.36) (0.96) (2.00)
(11.0) 130053 IRIC_, + 21.80510
(6.06) (9.27)
! 2
1 RZ = .857 S.E. = 0.167 D.W. = 2.30

| Sample Period 1959-1972

(N.6) NT Transport and Communcations Employment

100 NT _ - 6.19842 qur28 + 0.06844 QPL7 + 0.10121 IRII_,
(8.53) {1,31) (2.73)
(12.0)
+ 0.30293 IRIC_, + 29.16995
(2.60) (22.84)
|
| R? = .975 S.E. = 0.090 D.W. = 1.34

o

Sample Period 1959-1972

(N.7) NG Government, Trade, Services, etc., Employment

100 NG _ 14.20937 QOLT28 + 0.09439 QPL7 - 0.01705 IRII_

NNAS  (19,37) (1.79) (0.45) L
(36.35)  _ §,30704 TRIC_, - 13.65457

(2.61) (10.59)
R = .997 g B, & 0.091 D.W. = 1.68

Sample Period 1959-1972

Equations N.4 - N.7 identically exhaust NNAS from N.3
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(N.8) NASC State and Collective Farm Employment

NASC _ NASC

TooonEoer = .9:91779 (1550 Npopw) -1 *,0-01993 + 0.00002771 JPS9
1000 NPOPR (1334 000 NPOPR’ -1 * ;"7 041
(0.2€2)
_ XATOT/1000 _ XATOT/1600 _
0.01885 {(~—gzrk 1, + (Tfs 1) s}
(1.56) J
R? = .931 S.E. = 0.004 D.W. = 2.00
Sample Period 1955-1972 D. = 0.00
(N.9) NTAP Private Agricultural Employment
Nase = - 0.03787 QSHES + 0.43421
(9.01) (137.99)
(0-413) 4014 ((FATOT/1000 _ |, . XATOT/1000 _ )
g “XATR9 -1 T XATRO -2
(1.54)
R? = .846 S.E. = 0.009 D.W. = 1.81

Sample Period 1955-1972

(N.10) NTA Total Agricultural Employment

NTA - NASC + NTAP

(N.11) NIET Engineering-Technical Manpower Employed in Industry

NIET-NIET_, = 0.16902 (NEIN<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>